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Background of the Invention 
1. Ffeld of th invention 

use J^ZT nTt relateS , t0 3 n ° Ve ' non - reducin 9 saccharide-forming enzyme, and its preparation and 
P^t^'arly. to a novel non-reducing saccharide-forming enzyme which forms a non-reducing sac- 

^na ^a^T ""^ t0 301 ° n ° ne ° r m0re reducin 9 P artia ' —* hydrolysates 

olZ of nXi™ ? T 6 P ° ,ym f" zati0n of 3 or hf 9 her - as vvell as to its preparation and microorganisms ca- 
pable of producing sa.d enzyme. The present invention further relates to a composition containing a non-re- 
ducing sacchande having a trehalose structure as an end unit which is preparable with said enzyme a relT 
S'irSel 9 SaCCharide COntain,ng S3id n0n - reduci "9 a'ndLtrehalose "ttSLTl 

2. Description of the prior art 

umJT* T SB K 1 " h '• a ^ eha,OSe has been known for lo "9 as a non-reducing sacchande consisting of glucose 
Press. USA, and Applwd and Enwronmentai Microbiology, Vol.56, pp.3.213-3.215 (1990). trehalose widely ex- 

^riZ'^T"'^ 7 USh ? 0mS ' ' nSeCtS> etC - thou 9" the content is datively low. Since non-reducing sac- 
£E£T n h dudm 9 treh ^ ose do not react with substances containing amino groups such as amino acids and 
nT h y neith , er .' nduce the amino-carbonyl reaction nor alter amino acid-containing substances. Thus 
an^lTrL 8 3CC R 3 t0 be US6d With ° Ut 3 fear of a " ""satisfiable browning 

ri^ of these - il has been in 9reat demand to estab,feh a preparation of SU <* a ™- 

In conventional preparations of trehalose, as disclosed in Japanese Patent Laid-Open No.154 485/75 mi- 

fntoThZir ' Z 38 Pr0POSed JapaneSS Patent Laid -°P«n No.216,695/83. maltose is converted 

• h y » US .' n9 T trehalose -Pnosphorylases in combination. The former, however, is not 

suitable for industrial-scale preparation because the content of trehalose present in microorganisms as a start 
■ngma enahs usua,l y lower than 15 w/wo/ o( the wording V/w %» will be abbreviated as 

r^Trt°'TTT h ° n I dry S ° lid baSfe (d S - b °' 3nd the extraction and P"^ication steps are c^mpiS M.' 
22?^!? th t e h f0 "° W ' n9 deme , ritS: <'> Since trehalose fe **™ d via glucose-1-phosphate. maltose as a su^ 
3 Jf re,ative| y- hi 9 n concentration; (ii) Since the enzymatic reaction systems of the 

st rS Z%Z • ^ T2 - reaCtiO^S • the yie ' d ° f the ° bjeCtive trehalose fe re,ative| y and (Hi) it is sub- 

Thus, it has not yet been realized as an industrial-scale preparation 

♦ ^ eSard f i hS preparation of trehalose, it is reported in the column titled "Oligosaccharides" in the chapter 
titled "Current Status of Starch Application Deve.o P ment and Related Problems" in 'Food Cnem cafe" No 88 

vTa a direirsS' T? ""I ° f " °< 3 " en2Vmatic W^toeZi 

Tmooss ble ,n tht f th reaCt '° n hydr ° lytiC readti ° n h3S bee " rep ° rted to be ^ientif ically almost 
T»1h k f I I 3 ' a " enzvmatic Preparation of trehalose by using starch as a material has been 
deemed to be scientifically very difficult 

aJU^^HT partial Starcn t h y dro, ysates, prepared from starch as a material such as liquefied starch, 
S h H » maltoo, '9° saccharides . "dually have a reducing end-group as an end unit These partial 
!f n ?^ 6d l ° 38 " non - reducin 9 Partial starch hydrolysates" in the specification. The re- 
ducing power of such reducing partial starch hydrolysates is generally expressed by "Dextrose Equivalent (DE) 

J HI ' baS h e n C 0n ■ , y ■*?"■ 11 iS kn ° Wn th3t am ° nfl reducin 9 P artial starch hydrolysates those with a rel- 
at.vely-h.gh DE value generally have a decreased molecular weight and viscosity and an increased appropriate 
sweetness and reactivity, and readily react with substances having amino groups such as amino acids and 
proteins to cause an unsatisfiable browning, smell and deterioration of their quality 

ua . These " n h favorable Properties of reducing partial starch hydrolysates are varied dependently on their DE 
ten? u'h k re,at, °" sh, P between reduci "9 Partial starch hydrolysates and their DE values is very impor- 
tant It has been even believed to be impossible to break away th r lationship in this field. 
n9r ™ e t ° "'I W3y t0 break awa y the relationship is a method to form non-reducing saccharides from reducing 
par al starch hydrolysates by hydrogenating the hydrolysates at a relatively-high pressure of hydrogen to con- 
vert their reducing end-groups into hydroxyl groups. The method, however, requires a high-pressure autoclave 

^XT* 96 a T!T tS ° f hydr ° 9en a " d energy ' 38 we " as ret ' uirin 9 * relatively-high level of control or 
safety facility to prevent disasters. The material reducing partial starch hydrolysates and the resultant products 
d.ffer because the former consists of glucose units and the latter, i. . sugar alcohols of the resultant partial 
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todecrease craven eliminate^ ^ - tablish a m thod 

cose units as a constituent saccharide thereof P Ch hydro, y sates ^ut changing g| u - 



Summary of the Invention 
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reduIS^ SaCCharide ' - - — - preparations from 

ducing partial starch iSSS^^^^l^ * conventionally believed relationship between re- 
non-reducing saccharide * Va ' UeS - 33 We " 38 l ° exp,ore a novel ■PPtaMRy of such a 

isms'caTa^^^^ 
andS^ZL™ 

pan. and in Soja-city, OkayamTja^™ L^d LET rBSpectlve soi,s in Okayama-city, Okayama, Ja- 
charide-forming enzyme ^^hfehVorms «h th e microorganisms produce a novel non-reducing sac- 

to acton reducing p^sTa ch ^ l^^^SSS? haV ' ng Whe " a "° wed 

pared when the enzyme is anowed"^ 

a-g,ucosidase y Thus, *• .^2^ of g,ucoam*ase or 

orgasms capable of producing the enzyme from 'convent!^ miCr °- 

organisms of the gener^RhZtZ ^ Arth^lr , ^ saccnaride -^rning enzyme as the micro! 
lished preparations «^ShoTJ2 ♦ acoom P ,ished tnis 'nation. Also, we estab- 

present non-reducing 2322 ^SSfS rZT' T? ^ P harmaceu "<*'s which contain the 
W es and/or treha.ose^reparedtm^ 

Brief Explanat ion of the Accompanyino Drawings 

^zo^pTTl 6 inf ' UenCe ° f PH ° n ^ aCtiVity saccharide-forming enzyme derived from 

sp. 20? Sh ° WS therma ' Stabi "' ty ° f no "-^-ing saccharide-forming enzyme derived from RMzotiurr, 
^ RG.4 shows the P H stabi.ity of non-reducing saccharide-forming enzyme derived from KA/zoo/um sp. M . 



Art^^St^. ° f ^ ° n ° f n0n - reducin 9 saccharide-forming enzyme derived from 

sp. qS' 7 Sh ° WS th6rmal Stabmty ° f non - reduc 'n9 sacchande-forming enzyme derived from Arthrnt*** 
so q 36 F,G - 8 Sh ° WS PH Stabi "' ty ° f " on -^-ng saccharide-forming enzyme derived from ^rooacfe. sp. 

Detailed Description of the Inversion 
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-SC^ZS X s t n oT edUCi " 9 SaCCharide - fo - in 9 -y m e, and its preparation and 

ing saccharides prJ^d^h^a^^T'^T CaP8ble ° f Pr ° dUCing Said enZyme ' no "- reduc - 
saccharides. trehalos ^epared ram th^ ra ' atl h Ve, y-' OW reducin 9 saccharides containing said non-reducing 
saccharides and trehalose sacchandes. and compositions containing either or both of thes 

The present inventors have extensiv ly screened microorganisms capable of producing a novel non-re- 
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t^^ZT H m " 9 "TT Wh ' Ch f ° rmS non - reduci "9 saccharides having a trehalose structure when 
allowed to act on reducing partial starch hydrolysates, and eventually found the objective microorganism 

t^ZZ'Tu^ZT ^ J**!" f identiffcation test * *. microorganism of *££?SL 
tT™LT»T« 1- aC ~ rdingtothe P resentinventto nThetestwas conducted in accordance with 

LIT Sl h ! ^ e u " B ' se/ ^ u -"°- S ^o-D 0te /-(Classific a tion and Identification of Mlcraow? 

™l^e£f2Z HaSegaWa ' PUb ' fehed bV J3Pan Sdenti,IC S ° CietieS PreSS ' ^ (1-6M1- 



A. Morphology 

Characteristics of cells when incubated at 27°C in nutrient agar 

Usually existing a rod form of 0.6-0.8x1. 0-1. 5>im; 

Existing single but uncommonly existing in a coupled- or linked-form; 

Exhibiting no polymorphism; 

Possessing motility, asporogenicity and flagellum; 

Non-acid fast; 

Gram stain : Negative; 

Capsule : Negative; 

Metachromatic granule : Positive; and 

Accumulating poly-p-hydroxy butyrate. 

B. Cultural property 



(1) Characteristics of colony formed when incubated at 27°C in nutrient agar plate 
Shape : Circular colony having a diameter of about 1.5mm after 24-hours incubation- 

Rim : Entire; f 

Projection : Plane or hemispherical shape; 

Gloss : Positive; 

Surface : Smooth; and 

Color : Creamy and Semitransparent; 

(2) Characteristics of colony formed when incubated at 27*C in agar plate with dextrose and trypton 

Creamy and semitransparent colony with mucoid- 

?h^ 8 - raCto ? "I™* ? rmed WhSn inCUb3ted 3t 2 ' 7 ° C ln agar plate with V east e * tract a nd mannitol 
Shape. Circular colony having a diameter of about 3mm after 5-days incubation; and " 
color: Creamy and semitransparent colony with mucoid* 

n^T!!^ 1 ™ * Cd ° ny f ° rmed ^ inCUbated * 27 °° ,n %w * w plate with y east extract ' mannito ' ™d 
Exhibiting a pale pink and a substantial no absorption of congo red- 

(5) Growing at 27°C in agar plate with yeast extract, mannitol and 2 w/v % NaCI* 

(6) Characteristics of colony formed when incubated at 27°C in slant nutrient aqar 

Growth : Satisfiable; y 
Shape : Thread-like; and 

(7) Not liquefying gelatin when stab-cultured at 27*C in nutrient gelatin. 

C. Physiological properties 



(1) Reduction of nitrate : Positive 

(2) Denitrification reaction : Negative 

(3) Methyl red test : Negative 

(4) VP-test : Negative 

(5) Formation of indole : Negative 

(6) Formation of hydrogen sulfide : Positive 

(7) Hydrolysis of starch : Negative 

(8) Utilization of citric acid : Positive 

(9) Utilization of inorganic nitrogen source: 

Utilizing ammonium salts and nitrates; 

(10) Formation of pigment : Forming no soluble pigment* 

(11) Urease : Positive 
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(12) Oxidase : Negative 

(13) Catafase : Positive 

(16) Utilization of carbon source and acid formation 
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Carbon source 


Utilization 


Acid formation 


D-G!ucose 


+ 


+ 


D-Galactose 


+ 


+ 


D- Fructose 


+ 




L-Arabinose 


+ 


+ 


D-Xylose 


+ 


+ 


L-Rhamnose 


+ 


+ 


Maltose 


+ 




Sucrose 


+ 


+ 


Lactose 


+ 




Trehalose 


+ 




Raffinose 


+ 




Mannitol 


+ 




Dextrin 


+ 




Dulcitol 


+ 
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(17) Decarboxylase test on amino acid 

Negative against L-lysine. L-arginine and L-ornithine; 

(18) Utilization o£amino_acid 
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,« «» ™ t,,,2i " 9 S ° dium L -9 |utamate - sodium L-asparate, L-histidine and L-proline; 

(19) DNase : Negative; 

(20) Formation of 3-ketolactose : Negative; and 

(21) Mol% guanine (G) plus cytosine (C) of DNA : 61%. 

The bacteriological properties were compared with .those of known microorganisms with reference to Ber 

^ent.f ,ed as a m croorgamsm of the genus Rhizobium. The microorganism is similar to those of the species 
Rh,zob,umme,„ot im some properties, butthey are distinguishable with the fact thatthe |J^te™S£S£ 
I" 5 ma ' t0 h S ^ ,aCtOSe and mannitol bu "°Tms no acid, and it produces a non-reducing ^sLc^eTm ng 
paSaTsta^n n °"- red " cin 9 f accharid - **** * treha.ose structure when allowed to act on rldudng 

bLIh nn^ y I 8 " 1? pub,,cations have re P orted such a microorganism having these properties. 
nnJfn * n thes V eS "' tS ' the Present invent °™ named this microorganism 'Rhizobium sp. M-11" and de- 
Zol lbl?T m T 2 K 4, J 992, . ,n Fermentation Resea «* '"stitute. Agency of .ndustna. Science and Tech- 
taine. b Z T* ^ micraor 9 anism — ^epted on the same day and has been main- 
tained by the institute under the accession number of FERM BP-4130 

can be^tablv'u^d -"'^organism, other strains of the genus Rhizobium and their mutants 

enzyme ' '° n 35 '° n9 38 th6y Pr ° duCe the present "on-reducing saccharide-forming 

to tJ^ZlTI^'T t6St0f 3 microoroani smof the genus Arthrobacter, i.e. Arthrobacter sp. Q36 according 
o the present invention gave the following results. The test was conducted similarly as in Rhizobium so M- 

ficaZofM 3 "' 6 W,,h meth ° d 38 deSCnbed "^eibutsu-no-Bunrui-to-Dotei- (Classif icat on and 

S(i° 9 f atr= 
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A. Morphology 

(1) Characteristics of cells when incubated at 27 in nutrient agar 

Usually xhibiting a rod form of 0.5-0.7x0.8-1 .6nm; Existing singl ; 
Exhibiting polymorphism; 

Possessing no motility, flagellum and asporogenicity; 
Non-acid fast; 
Gram stain : Positive; 
Capsule : Negative; and 

(2) Characteristics of cells when incubated at 27°C in EYG agar 

Exhibiting a rod-coccus cycle. 

B. Cultural property 

(1) Characteristics of colony formed when incubated at 27°C in nutrient agar plate 
Shape : Circular colony having a diameter of about 2-2.5mm after 3-days incubation* 

Rim : Entire; . ■ ■ 

Projection : Hemispherical shape; 
Gloss : Moist gloss; 
Surface : Smooth; and 

Color : Semitransparent and white or pale yellow; 

(2) Characteristics of cells when slant-cultured at 27°C in nutrient agar plate 

Growth rate : Satisf iable; and 
Shape : Thread-like; 

Shape : Thread-like; and 
(4) Characteristics of cells when stub-cultured at 27*C in bouillon and gelatin 
Liquefying bouillon and gelatin. 

C. Physiological properties 

(1) Reduction of nitrate : Positive 

(2) Denitrification reaction : Negative 

^^tetaylred test ; Negative 

(4) VP-test : Positive 

(5) Formation of indole : Negative 

(6) Formation of hydrogen sulfide : Positive 

(7) Hydrolysis of starch : Negative 

(8) Hydrolysis of cellulose : Negative 

(9) Utilization of citric acid : Positive 

(10) Utilization of inorganic nitrogen source: 

Utilizing ammonium salts and nitrates; 

(11) Formation of pigment : Negative; 

(12) Urease : Positive; 

(13) Oxidase : Negative; 

(14) Catalase : Positive; 

(15) Growth conditions : Growing at a pH in the range of 5-10 and a temperature in the range of 4-37°C- 

(16) Oxygen requirements .-Aerobic; 

(17) Utilization of carbon source and acid formation 
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Carbon source 


Utilization 


Acid formation 


D-Glucose 


+ 


- 


D-Galactose 


+ 


- 


D- Fructose 


+ 


- 


L-Arabinose 


+ 


- 


D-Xylose 


+ 




L-Rhamnose 


+ 




Maltose 


+ 




Sucrose 






( Continued ) 


Carbon source 


Utilization 


Acid formation 


Lactose 


+ 




Raf finose 


+ 




Mannitol 






Dextrin 


+ 




Dulcitol 


+ 
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(18) Utilization of amino acid 

r,M tiliZin f S ° diUm L '9 lutamate ' sodium L-asparate, L-histidine and L-proiine; 
(19; DNase : Positive; . 

(20) Formation of 3-ketolactose : Negative; 

(21) Major diamino acid of cell wall : Lysine; and 

(22) Mol% guanine (G) plus cytosine (C) of DNA : 63%. 

™„<Ia! bact f r ' 0 ' o 9' cal Properties were compared with those of known microorganisms with reference to Bar 
fZl^ yStBmatiC Bacteri °'°9y- Vo '- 2 0 *"). As a result, it was revealed that uTS™^ was 

T^^TcSZ T ° f ^ 96nUS Mfmb «**' The microorganism has a character S 0™ 
t™ ZheaaZedtl^TT 9 ^ non - reducin 9 saccharides having a trehalose struc- 

ture when allowed to act on reducng partial starch hydrolysates. No publications have reported such an en- 
Based on these results, the present inventors named this microorganism "Arthmbacterso Q36" and ri* 
posited ,t on June 3. 1 993. in National .nstitute of Bioscience and Human-TechnoVogy Agenc^ of mfus'triaf Set 
anThas been " ? y> ^ The de P° s "™ of the microorganism was Z^ZTtTZi day 

and has been mamta.ned by the institute under the accession number of PERM BP-4316 

tant ca^s^^ microorganism, other strains of the genus Arihrobacter and their mu- 
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SSS^ST- Citn> r. {iF ° 1 K 52 r } ' ^ oobKMum snegmatls (ATCC 19420), Terrabacter tumescent (IFO 
12960) and their mutants can be favorably used in the invention 

in ^JS^Z*™ med ' Um Ca " bS U86d the '' nVention as ,on 9 as these microorganisms can growth re- 
LrLnt ^ ^- reSe "^ ■ non-reducing saccharide-forming enzyme: For xample. synthetic- and natural- 
nutnent culture media can be us d as the nutrient culture medium. Any carbon-containing substance can be 

i' n ; e inVent, ° n as a S ° UrCe 38 1009 88 * iS UtiKzed by the ^'croorganisms: Examples* such a 

carbon source are saccharides such as glucose, fructose, lactose, sucrose, mannitol. sorbitol molasses and 

tTons^r ' T* hydr0, y sates: and °^ anic **<s «* as citric acid and succinic acid. The onintra- 
t.ons of these carbon sources in nutrient culture media are appropriately chosen. For example, in the cas of 
lar^* )! C r 9 Par j ,a ' Starch "vdrolysates, a preferable concentration is usually 20<>/o or .ower. more particu- 
L~ for 1 , • V ' eWOf g,OWth ° f microor 9anisms. The nitrogen sources usable in the invention 

In^tZ T k / inor 9 amc i n,tro 9 en compounds such as ammonium salts and nitrates; and organic nitrogen- 
conta.n.ng substances such as urea, corn steep liquor, casein, peptone, yeast extract and beef extractThe 

Hfir 3 ' P ? ha i S othersa,ts of manganese, zinc. Iron, copper, molybdenum and cobalt. If nee- 
essary. amino acids and vitamins can be suitably used in combination. 

The microorganisms usable in the invention are cultured under aerobic conditions at a temperature usu- 
ally ,n the range of 4-40'C, preferably, in the range of 20-37-0; and at a pH in the range of 4-10 preferably 
a ^IV^" 9 ? 0 /- 5 " 9 ^ 8 CU,tivation time used ln the inve "ti°n 's set to a time longer than that required 
Zl . , the fn,croor 9 anisms . Preferably. 10-100 hours. The concentration of dissolved oxy- 

gen (DO) in nutrient culture media is not specifically restricted, but usually in the range of 0.5-20ppm. The con- 
centration of DO can be kept within the range by means of controlling of aeration. stirSng. aeration with oxygen^ 
and increasmg the inner pressure of a fermentor. The cultivation Is carried out batchwise or in continuous man! 



^ I , C ° mpletlon of the cult ivation of microorganisms, the present enzyme is recovered. Inasmuch as the 
activity of the present enzyme is found in both cells and cell-free supernatants. these cells and supernatants 

IZZlZ MnT ^ 3 enZyme - The reSUltant CU,ture 030 be a,so used intact as a ™«» enzyme. Con- 
ventual liquid-solid separat.on methodscan be employed in the invention as a method to remove cells from 

cuttSf wifh met , h0dS tQ direCt ' y Ce " trifU9e the reSU,tant CUlture ' as we » as tnose to fixate the 

be SZh t ^ ^ erS ,f r , t0 S6Parate Ce " S by membrane fi'tration using plane filters or follow fibers, can 

b 6 Z^ t h T' " ffee filtrat6S ° btained °* n be used intact as an en2v ™ solution, they may 
cut ?! 1 Pnorto the,r use. The concentration methods usable in the invention are. for example, salting 
out using ammonium sulfate, sed.mentation using acetone and alcohol, and concentration using membranes 
such as plane filters and follow fibers. -. „ ' ™ membranes 

' CM . Ca 't f ^ to conventional immobilization. Examples of 

Z f, C ! nvent,onal me ! hods are conjugation methods using ion exchangers, covalent bondings and absorp- 
'"^2"™ and memb ranes. and inclusion methods using high-molecular weight substances. Cells 
fmnT^H n f ?h S ^ ,tUreS CB " be US6d 33 3 Crude enzyme without a "y Vestment, <^ they can be 
ZT T^tT' »' r ? Se - F ° r eXamP ' e ' SUCh 06,13 are immobil *ed ^ fixing them with sodium alginate, 
and popping the resultant mixture in calcium chloride solution to gelatinize the drops into granules. The gran- 

^n 5 ^ 3 T? be f iXSd by treating mem with Po'yethylene imine or glutaraldehyde. Extracts from cells 

tZnn ih ! lnV6nt ' 0n 38 3 Cmde en2yme SO,Uti ° n - For exam P |e ' a clear crude enzyme solution con- 

taining the present enzyme can be prepared by extracting the present enzyme from cells treated with ultra- 

rZ17T^,T Ti° n USin9 9,aSS be3dS 3nd alUmina> a " d f disruption; and subjecting the 

resultant extract to centnfugation or membrane filtration. 

The crude enzyme solution thus obtained can be used intact or after purification with conventional meth- 
K„Hi!r r eXample ' 3 purif ied enzvme Preparation exhibiting an electrophoretically single band can be prepared 
!l ™ 9 * 2 f n2y T e preparation which had be en prepared by salting out a crude enzyme solution 
^InTr-nT 1 " a "„ concentratin 9 the result ant; and successively purifying the dialyzed solution on 

cZl 9 ? T chromat °9 ra P n y usi "9 "DEAE Toyopearl®'. an anion-exchange resin; hydrophobic 
^Tov OD Z®°M 9 w Sj US,n9 B " tyl T °y°Pe a rl®». a hydrophobic resin; and gel filtration chromatography us- 
mg Toyopearl® HW-55". a resin forgel filtration, all of which are products of Tosoh Corporation. Tokyo. Japan, 
properties^ n ° n - reducin9 saccharide-forming enzyme thus obtained has the following physicochemical 

(1) Action 

Forming non-reducing saccharides having a trehalose structure as an end unit when allowed to act 
on one or more reducing partial starch hydrolysates having a degree of glucose polymerization of 3 or high- 
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(2) Molecular weight 

PAGE)? b ° Ut 76,0 ° 0:k87 ' 000 daltons on sodium dodecylsulfate-polyacrylam.de gel electrophoresis (SDS- 

(3) Isoelectric point (pi) 

About 3.6±4.6 on isoelectrophoresis using ampholyte; 

(4) Optimum temperature 

About 35-40°C when incubated at pH 7.0 for 60 min 

(5) Optimum pH 

About 6.4-7.2 when incubated at 40°C for 60 min; 

(6) Thermal stability 

Stable up to a temperature of about 35-40-C when incubated at pH 7.0 for 60 min; and 

(7) pH Stability ' 

Stable at a pH in the range of about 5.5-11.0 when incubated at 25°C for 16 hours 
The activity of the present non-reducing saccharide-forming enzyme is assayed as follows: One ml of an 
enzyme solution is added to 4ml of 1.25 w/v % maltopentaose in 50mM phosphate buffer (pH 7 0) and the 
m,xture solution is incubated at 40-C for 60 min. The reaction mixture is heated at 1 00°C for 1 0 min tosusp nd 

hvT t r -' C 'T^' th8 reaCti0n miXtUre iS preciSely diluted * 1 0 times «*" ^nized water, followed 
by determining the reducing power of the diluted solution on the Somogyi-Nelson's method. As a controTan 
enzyme solution, which had been heated at 100-C for 10 min to inactivate the enzyme, is treated S as 

ducTo no" 6 < T77 PfeSent 6n2yme ' S ^ ' ned 38 tHe am ° Unt ° f enZ ^ e which e^inatesthe re- 
ducing power of that of one micromole of maltopentaose per minute. 

Reducing partial starch hydrolysates. which can be used as a substrate for the present enzyme are those 
faleHZ » TT"! hy ,? r0 ! yZin9 amylaceous substances «"* as starch, amylopectin and ariose by amy- 
hos« Zl ? r ^ UCmg . P , artlal StarCh obtained by the hydrolysis with amylases include 

EET^T 8 S . ^ham-structures prepared by hydrolyzing amylaceous substances with amy- 
taTn^^^T ma,t0 f tn ° Se f ° rm ": 9 amylaSe ' maltotetraose Arming amylase, maltopentaose form- 
LuhSn h p ma,tohe * aose f °7'"9 amylase as disclosed in Handbook of Amylases and Related Enzymes, 
SS^^ST" T ° ky °-: Japan < 1988 >- ,n the — « P-Panng the reducing partia. starch h^ 

S fhi d f branc *" n 9 enzvmes suc " « pullulanase and isoamylase can be favorably used in combination 
ml^! * 3Se H ■? ? m ° re ma,too,i g° sa "harides such as maltotriose. maltotetraose. maltopentaose" 
maltohexaose and maltoheptaose can be arbitrary used as a reducing partial starch hydrolysate 

so Jf^3Sr^?T dUCin9 f artial StarCh h y dro, y sates used as a *">strate the invention is not 
specifically restncted. While the present enzymatic reaction proceeds even with a 0.1 % solution of a substrate 

of>7o^r"higher. pre^ " 

22Si2JTh^' ,n8 a t C °: C r trati0n ° f 5 - 5 ° % ° f 3 SUbStrate - d - S b - concentrations non reducing 

S3 havm9 a f tre t na,ose structure ™ formed in a satisfactorily-high yield. Suspensions con 

tanning insoluble substrates can be used in the invention. The reaction temperature used in the present enzy- 
ma ,c reaction can be set to a temperature at which the present enzyme is not inactivated i e a temperature 
upto about 55°C preferably, a temperature in the range of 40-50-0. The reaction pH used in the P Xnt en- 
zymatic reaction is controlled in the range of 5-10, preferably, in the range of about 6-8. The reaction time 
reaction PreSent en2ymat '' C reaCti ° n is adea - uate| y chosen dependently on the conditions of the enzymatic 

thaJ^ntT^ 0 '! "I? 11 ™ COnteinina non-reducing saccharides have a reducing power much lower 
£ u . ' 9 Part ' al StarCh h y drolvsates "»ed as a substrate. For example, in the case 

S'fTST ^ SUbStrate ' about 93% oUhe initial Educing power diminishes or the reducing pow- 
er lowers to about 7% with respect to the initial reducing power. 

_ The resultant reaction mixtures are in the usual manner subjected to filtration and centrifugation in order 
to remove insoluble substances, and the resultant solutions are decolored with an activated charcoal, desalted 
2,7 aXChan f rS "\ H - and OH - form ' and concentrated into syrupy products. The syrupy products can be 
suitably dned into .powdery products. If necessary, the powdery products can be readily prepared into non- 

ST 8 . . ? 1 6 9h6St P ° SSible PUrity by PUrif ying the powder y P roducls with °™ °r more meth- 
umn °Z chromatoara P h ic fractionations such as ionexchange column chromatography, col- 

Z 7 h 9 r P , V T? a " aCt ' Vated CharCOal ° r 3 Si,ica ae,; "Potions using organic acids such as acet- 
one and alcohol; and alkaline treatments to decompose and remove the remaining reducing saccharides. 

^TJT V \' 0n ' e ^ han9e C ° ,Umn chromatography can be suitably used in the invention as an in- 
pmved ouSvc^r ^ °' ^ Saccharides ' The ^ive non-reducing saccharides with an im- 

l?ZnnT y ! L ary PrePared by> f ° r SXample ' COlumn chromatography using a strongly-acidic cation 
exchange resin as described in Japan se Patent Laid-Open Nos.23.799/83 and 72.598/83 to remove conco- 



EP 0 606 753 A2 



mltant saccharides. In this case, any one of fixed-bed. moving bed. and semi-moving methods can b em- 

If nec ssary. the present non-reducing saccharides having a trehalose structure or relatively-low reducing 
saccharides containing the non-reducing saccharides can be hydrolyzed by amylases such as a-amylase B- 
amylase. glucoamylase and a-glucosidase in order to control their sweetness and reducing power or to lower 
%S£Z£^ resultant products can be further treated with processings wherein the remaining re- 
ducing sacchandes are hydrogenated into sugar alcohols to diminish their reducing powder 

More particularly, trehalose is readily prepared by allowing glucoamylase or a-glucosidase to act on the 
present non-reducing saccharides or relatively-low reducing saccharides containing them. A high trehalose 
content fraction is obtained by allowing glucoamylase or a-glucosidase to act on these saccharides to form a 
mixture of trehalose and glucose, and subjecting the mixture to the aforementioned purifications such as ion- 
exchange column chromatography to remove glucose. The high trehalose content fraction can be arbitrary 
purified and concentrated into a syrupy product, and. if necessary the syrupy product can be concentrated 
into a supersaturated solution, followed by crystallizing hydrous- or anhydrous-crystalline trehalose and re- 
covering the resultant crystal. 

k '? e °n r S er t0 J^ paTe hydrous a-ystalline trehalose, an about 65,90% solution of trehalose with a purity of 
about 60 /o or higher is placed in a crystallizer. and gradually cooled while stirring in the presence of 0 1-20% 
seed crystal at a temperature of 95»C or lower, preferably, at a temperature in the range of 10-90»C to obtain 
a massecuite containing hydrous crystalline trehalose. Conventional methods such as separation block pul- 
verization. fluid.zed-bed granulation and spray drying can be employed in the invention to prepare from the 
massecuite hydrous crystalline trehalose or crystalline saccharides containing it 

In the case of separation, massecuites are usually subjected to a basket-type centrifuge to separate hy- 
drous crystalline trehalose from the mother liquor, and, if necessary the hydrous crystalline trehalose is wash- 
ed by spraying with a small amount of cold water to facilitate the preparation of hydrous crystalline trehalose 
with an increased purity. In the case of spray drying, crystalline saccharides with no or substantially free of 
hygroscopicity are readily prepared by spraying massecuites with a concentration of 70-85% d s b and a 
TiKnnio ? f b ° Ut ''I P: 8 ?*' d - 8 - b ' from a nozz,e bv a high-pressure pump; drying the resultant products with 

I . ? Jf a ' r d ° eS " 0t m8lt the resultant crystalline powders; and aging the resultant powders for 
about 1-20 hours while blowing thereto a 30-60-C hot air. In the case of block pulverization, crystalline sac- 
chandes with no or substantially free of hygroscopicity are readily prepared by allowing massecuites with a 
moisture content of 10-20% and a crystallinity of about 10-60%. d.s.b.. to stand for about 0.1-3 days in order 
to crystallize and solidify the whole contents into blocks; and pulverizing or cutting the resultant blocks 

Although anhydrous crystalline trehalose can be prepared by drying hydrous crystalline trehalose to con- 
vert it into anhydrous one. it is generally prepared by providing a high trehalose content solution with Ta TmoistSe " 
cj>nt^nt less than-10%; placing the solution in a crystallizer; keeping the solution in the presence of a seed 
crystal at a temperature in the range of 50-160°C, preferably, a temperature in the range of 80-140°C under 
st.rr.ng cond .lions to obtain a massecuite containing anhydrous crystalline trehalose; and crystallizing and pul- 
venzing anhydrous crystalline trehalose by conventional methods such as block pulverization, fluidized-bed 
granulation and spray drying. 

The resultant non-reducing saccharides and relatively-low reducing saccharides containing them accord- 
ing to the present invention have a relatively-lower reducing power and a relatively-higher stability than those 
of the matenal reducing partial starch hydrolysates, and because of this these saccharides can be mixed and 
processed with other materials, especially, amino acids and amino acid-containing substances such as oligo- 
peptides and proteins without a fear of causing an unsatisf iable browning, smell and deterioration of the ma- 
terials. Unlike reducing partial starch hydrolysates, these saccharides have a relatively-low reducing power 
and viscosity, and among these saccharides those with a relatively-low degree of glucose polymerization have 
a satisfactonly-higher quality and more mild sweetness than the hydrolysates. 

The present non-reducing saccharides are hydrolyzed by amylases such as a-amylase derived from pan- 
creas into relatively-low molecular weight non-reducing oligosaccharides or maltooligosaccharides, and these 
oligosaccharides are readily hydrolyzed by a-glucosidase and intestinal enzymes into glucose and trehalose 
molecules. The resultant trehalose is readily hydrolyzed by trehalase into glucoses. Thus, the present non- 
reducng sacchandes and relatively-low reducing saccharides containing them, as well as trehalose, can be 
utilized as an energy source by the body when orally administered. These present saccharides and trehalose 
are not substantially fermented by dental carries-inducing microorganisms, and this renders them useful as 
a cental carries-preventing sweetener. 

The present non-reducing saccharides and relatively-low reducing saccharides containing them, as well 
as trehalose, have a satisf iable stability and sweetness, and those in crystalline form can be arbitrary used 
as a sugar coating matenal for tablets in combination with binders such as pullulan, hydroxyethyl starch and 
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ablKSirTm 0 ^" Thasa sa ~ harides and tr ^alose have properties such as osmotic pr ssure-controlling 
ability, f iler-impartJng abiMy. gloss-imparting ability, moisture-retaining ability, viscosity-imparting ab ft? 

m.^.S.TI 8 ^r 31 "'"! '? ? a, °l e 03,1 be arbitrary US6d 38 a desiccant for food P raduct «. cosmetics, phar- 
SZSST J? "^materials and intermediates, and readily formed into compositions in the-form of powder, 
granule and tablet with a satisf iable stability and quality. H ' 

, Th 7' l hB PreSent non - reducin 9 saccharides and relatively-low reducing saccharides containing them as 

i£L JE? Se ^ th6Se saccharides - <*" be -bitrary used as a sweetener, taste-improving 

rid. t,??? - ,mprOV,ng a « ^ Stabi " Zer ' 6XCipient and desiccant in a varietv of compositions such as food 
products, tobaccos, cigarettes, feeds, pet foods, cosmetics and pharmaceuticals 

The present non-reducing saccharides and relatively-low reducing saccharides containing them as well 

thevt r PreP ,r d r th6Se saccharides - ca " be "* ad ""act as a seasoning for sweetening. If ne^ry 
they can be used together with adequate amounts cf one or more other sweeteners, for example, powdered 

ZofJ^? IT T iSOmeri2ed SU9ar ' h ° ney ' map ' e SU9ar ' -omaltooligosacchar^de gaTacfoo^ 
' f ; ucto °"9° sa ~ ha " de . 'actosucrose. sorbitol, maltitol. lactitol. dihydrocharcone, stevLide. a- 
2S f ;; OS,d ^ | rebaud ' oslde - clycyrrhizin. L-aspartyl L-phenyla.anine methyl ester, saccharin, glycin and 
alanine; and/or a filler such as dextrin, starch and lactose. My 

The present non-reducing saccharides and relatively-low reducing saccharides containing them as well 

trfev Z ° r C ; yS r ne treha, ° Se PrePared fr ° m theSe can be »ed intact, o'r. if ne'celary 

they can be nrnxed with an excpient. filler and binder and formed into granules, spheres, shot-rods plates 
cubes and tablets, prior to their use. piates, 

.««« ^Jlr^T non - reducin 9 i f a ccharides. relatively-low reducing saccharides containing them, and treha- 
SSS3?^ m f 8 SaC ! handeS hBVe the fol,owin 9 fea *"^: (i) They have a sweetness which well har- 
ZTn* h h J? 3 ? " a,S haV ' n9 S ° Ur -' aCid -' SaUy -' bitter -' a ^"ngent- and delicious-tastes; and (ii) they 
are highly acid- and heat-resistant Thus, they can befavorably used in food products in general as a sweetener 
taste-improving agent and quality-improving agent. sweetener, 

IO s«!, h r e n P a ™ S H e r n °": reducin9 saccharides, relatively-low reducing saccharides containing them, and treha- 
lose prepared from these saccharides can be used in seasonings such as amino acids, peptides soy sauc 
IT^T^TT ' % '"" ate "-^°"( a Powdered m/so;. 'moromV^a refined sake). WsWo-(a refined 
soy sauce), "funkake- (a seasoned fish meal), mayonnaise, dressing, vinegar. Sanbai-zu' (a sauce of sugar 
soy sauce and vinegar), -funmatsu-sushistf (powdered vinegar for sushi), 'chuka-no-moto- (an instant mix 
for Chinese dish), tentsuyu' (a sauce for Japanese deep-fat fried food), 'mentsuyu' (a sauce for Japanese 
ZZ^n' SaUCe '?f S »?' y^niku-no-tare'SasauceJor Japanese grilled meatjpcurry rbuxrirTstanrsTewmix. 
_instant.sou mix -'dash.-nrmoto- (an instant stock mix), nucleic acid condiments, mixed seasoning, 'mirin' 
(a sweet sake), 'shm-minn" (a synthetic mirin), table sugar and coffee sugar 

h a .««™ the P £ Sent "°"- reducin 9 saccharides, relatively-low reducing saccharides containing them, and tre- 
« these saccharides can be freely used for sweetening 'wagashi' (Japanese cakes) such 

* C ( "f ? 1 arare - mochi " < a *^cake cube). -otosn,-(a millet-and-rice cake). 'mochi'[a rice 
Si ™" JU < abu " w,tnabea n-j a m). W (a sweet rice jelly), "an" (a bean jam), 'yokan' (a sweet jelly of 

da^'^7 > f ''f W : bean je " y)> " k ' ngy0kU " (a kind ° f yokan >' P ao de Ca ^" a and 'ale- 
dama (a Japanese toffee); confectioneries such as bun. biscuit, cracker, cookie, pie, pudding, butter cream 
custard cream, cream puff, waffle, sponge cake, doughnut, chocolate, chewing gum. caramel and candy;fro Z - 

ZJ^hT*, 35 C ? 3m ?"* S?h6rbet: SyrUpS SUCh as "tejitsu-no-syrup-zuke- (a preserved fruit) and 
konmrtsu (a sugar syrup for shaved ice); pastes such as flour paste, peanut paste, fruit paste and spread- 

T' ,, S w V * getables such as i am ' marmalade, "syrup-zuke' (fruit pickles) and 7o/ra"(conserves); 

J! r S ^ 38 ^'"-zvXe'i"* colored radish pickles), 'bettara-zuka" (a kind of whole 
Zl f P S) ' !f nm ^ zuke "^ kind of sliced ^sh radish pickles) and "rakkyo-zuke' (pickled shallots); 

P ' 7 ?? P r dUCtS SUCh aS "^n-^B-no-moto-ia premixfor pickled radish) and 'ha- 
k ,r^f £ n °~7 J 3 T u ' X ° r f r6Sh White rape Pickles): meat P roducts such as ham and sausage; prod- 
na^J^ SU » h 3 ? m - fiSh SaUSa9e ' " kamab °ko- ( a steamed fish paste). "cM W a'(a kind offish 

paste) and tenpura (a Japanese deep-fat fried fish paste); 'ehinmT (relish) such as "uni-no-shiokara" (salted 
guts of sea urch.n . ika-no-shiokara" (salted guts of squid). "su-*onbu- (processed tangle). 'saki-surume' 
(dried squid strips) and fugu-no-mirin-boshi" (a dried mirin-seasoned swellfish); tsukudani" (foods boiled 
f 0 w soy . sauce ) «" ch as | nose of 'aver, edible wild plants, dried squid, fish and shellfish; daily dishes such 
nLTT i C ° »! a ? S> " POtat ° Sa ' ad 3nd "^u^nakl"(a tangle roll); milk products; canned and bottled 
w n" 38 , meat> fiSh meat ' frUit and ve 9 etabl «: alcoholic beverages such as synthetic sake, 

wne and l.quors; soft drinks such as coffee, tea. cocoa, juice, carbonated b v rage, sour milk beverage and 
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beverage containing i a lacticacld bacterium; instantfood products such as instant pudding mix. instant hotcake 
mcc and "sokusefi-shiruco- { sn instant mix of adzukl-bean soup with rice cake) and Instant soup ml and b 
5 83 S aby /°° I dS ' foods ^therapy, beverages supplemented with nutrition, peptide foods and froz- 

5 en foods, as well as for Improving the tastes and qualities of the aforementioned food-products 

io,„ r,r!n P a re H e r no "; reducin 9 " saccharides, relatively-low reducing saccharides containing them, and treha- 
Lnim^Tt T these K SaCCh ^ ides be also used in fe e"s pet foods for animals such as domestic 

2£Zfc Z tl Y i ,° ney T '"J W3rmS fiSh6S ° rder to imprave theirtaste Preferences. These sac! 
chandes and trehalose can be arbitrary used as a sweetener, taste-improving agent, quality-improvinq aoent 

Ho cream V T""? 5 T* ^ 33 3 t0baCC °' ^"KSS?^ 

lip cream, internal medicine, tablet, troche, cod liver oil in the form of drop, cachou. oral refrigerant gargle 
cosmetic and pharmaceutical. ■ emgerani. gargie. 

lo Se ?rL P ^ll 0 rh" redUCin9 h sac f arides - re,a «vely-low reducing saccharides containing them, and treha- 
lose prepared from these sacchandes can be used as a quality-improving agent and stabilizer in biologically 
active substances susceptible to lose their effective ingredients and activities, as well as in health foodS 
pharmaceuticals containing the biologically active substances. Examples of such a biologically active sub- 

SrTtmp r P T SUCh 38 3nd ?- interferons - tumor necrosis factor-a (TNF-a). tumor necrosis fac- 
tor-? (TNF-p). macrophage migrat.on inhibitory factor, colony-stimulating factor, transfer factor and interleukin 
2; hormones such as insulin, growth hormone, prolactin, erythropoietin and follicle-stimulating hormone- bio- 
logical preparations such as BCG vaccine. Japanese encephalitis vaccine, measles vaccine, live polio vaccine 
smallpox vaccine, tetanus toxoid. Trimeresurus antitoxin and human immunoglobulin; antibiotics such as pen- 
Ksllin. erythromycin, chloramphenicol, tetracycline, streptomycin and kanamycin sulfate; vitamins such as thia- 
mine, nboflavin. L-ascorbic acid, cod liver oil. carotenoid. ergosterol and tocopherol; enzymes such as lipase, 
elastase. urokinase protease, B-amylase. isoamylase, glucanase and lactase; extracts such as ginseng ex- 
tract snapping turtle extract, chlorella extract, aloe extract and propolis extract; viable microorganisms such 
as v,ruses lactic acid bacteria and yeasts; and other biologically active substances such as royal jelly. By using 

h! H I « !f saccnar,des ' the aforementioned biologically active substances are arbitrary prepared into 
^il Jn^h T P harmaceutl ^ ,s with a satisfactorily-high stability and quality without a fear of losing or in- 
activating their effective ingredients and activities. 

As described above, the methods to incorporate the present non-reducing saccharides, relatively-low re- 
ducing sacchandes containing them and/or trehalose prepared from these saccharides into the above- 
mentioned compositions include conventional methods, for example, mixing, kneading, dissolving, melting 
soaking. Permeating, sprinkling, applying, coating, spraying, injecting, crystallizing and solidifying. These sac- 
charides and treha oaearewuaty [incorporAtMinto the above-mentioned compositions inWam^tWl^" 
or higher, preferably, one % or higher, d.s.b. 

The following experiments explain the present invention more in detail 

M ii1^v;.t n °H r t dU fC 9 sac <* aride - formin 9 amylase derived from a novel microorganism of Rhizobium sp. 
M-11 is explained about rts production, purification and property; and secondary, a non-reducing saccharide- 
forming enzyme derived from a microorganism oMrfnrooacfersp. Q36 is explained similarly as in the micro- 
organism of Rh.zob.um sp. M-11. Thirdly, non-reducing saccharide-forming enzymes derived from hitherto 
known microorganisms are explained. 

Experiment 1 

Production of non-reducin g saccharide-forming enzyme from Rhizobium sp. M-11 

fr^n^TT ? ltl "! mediUm ' consistin 9 °f 2 '° w/v % maltose. 0.5 w/v % peptone. 0.1 w/v % yeast ex- 
LS'dt nH r n° TTZ hyd 7.9 en P hos P hate - °- 1 % Potassium hydrogenphosphate and water, was ad- 
Elinor 1 ? ml ^" qU ° tS ° f the nutrientcultu re medium were placed in 500-ml Erlenmeyer flasks. 

so u 1 WPPRM T" 40 effeCt Steri ' i2at i0n> COO,ed ' inOCU,ated with a stock «"«« of Rhizobium 

Zf^t l f BP " 413 ° ) - and ,ncubated at 27 °C for 24 hours under stirring conditions of 130r P m. The re- 
sultant cultures were pooled and used as a seed culture. 

m „ ™ w 20 L ° f . a frGSh . preparation of the same nutrie nt culture medium used in the above culture was plac d 

or J2i ZZ T," ? • COOl !, d l ° 3 °° C ' in ° CU,ated Wilh ° ne w/v % of the seed cultur e. and incubated 
for about 24 hours while st.rnng under aerobic conditions at 30°C and P H 6.0-8.0. The resultant culture had 

su7e3nt aC ind 3 ^ 1,5 UnitS/m '- AP ° rti0n ° ftheculturewas ce,.s and culture 

^ w 6 k C Were SUSpended in 50mM Phosphate buffer (pH 7.0) to give the original volume of 
the portion, followed by assaying enzyme activities of the cell suspension and culture supernatant to give about 
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0.6 units/ml and about 0.9 units/ml respectively. 
Experiment 2 
Purification of enzyme 

cel. II?' 1 8 L ° f th f CU ' tUre ° btained ^P 6 "'" 16 " 1 1 treated with "Mini-Rabo", a supper high-pressure 
cells TtoTrZ 9 * T COmmercialized bv Daini PP°« Pharmaceutical Co.. Ltd.. Tokyo Japan toTsruot 
cells. The resultant mixture was centrifuged at 10.000rpm for 30 minutes to obtain an abou 16 L supernatant 
To the supernatant was added ammonium su.fate and dissolved to give a saturation degree of 0 2 ano^e 
a^lTant °" * * ^ ** ^ ^ * ^-OOOrmpVao min to ob tLin 

Ammonium sulfate was dissolved in the supernatant to give a saturation degree of 0.6. and the resultant 
r 'T? Ce " tnf " 9ed at 10.°0°THnfor30min to obtoap^p||^.Th.i^ntp»dpta1^dto^ 
in 10mM phosphate buffer (pH 7.0). and the resultant solution was dialyzed against J If reshXaration^ Hh 

ISv S ut ^t T! I reSU,tant d ' alyZed S ° ,Uti0n W3S d,Vided into 2 P° rtions whicb were then sep- 
arately subjected to column chromatography using a column packed with 300ml of "DEAE-Toyopearl®" an 
ion exchanger commercialized by Tosoh Corporation. Tokyo. Japan '°y°peari , an 

aratiliof mfsa^ZT^Tf « 0rb6d T *• exchan 9 er ' and *** from the column with a fresh prep- 
aration of the same phosphate buffer supplemented with salt The resultant fractions having the objective en- 

iZm^zz: poo,e vr d V** a9ainst a f resh preparation ° f the -~ ^jCerZpZZ. 

ed with 2M ammonium sulfate. The dialyzed solution thus obtained was centrifuged at 10.000rpm for 30 min 
L«T ,nso,ub,e i substances . ^d the resultant supernatant was subjected to hydrophobic coTum^hroma- 

Z^oZ^ Q TrZrT ed t 30 ° ml ° f "^^P-ri* a hydrophobic gel commented by 
Tosoh Co/Porat,on. Tokyo. Japan. The enzyme adsorbed on the gel was eluted from the column with a liner 
gradient buffer from 2M to 0M. followed by recovering fractions with the enzyme activity TheTesSmf ac 
.ons were subjected to ge, filtration chromatography using "Toyopear,® HwV a resTn Z ^Tc^aZ 
raphy commerc,al.zed by Tosoh Corporation. Tokyo. Japan, followed by recovering fractions vvrth the enzym 
actmty. The enzyme activity, specific activity and yield in each purification step are as sZZ in TabTT 



Table 1 



Purification ^tep 


-Enzyme-activity (unit) — 


Specific-activity (units/mg— 

protein) 


Yield (%) 


Culture 


26,800 




100 


Supernatant after cell 
disruption 


20,300 


0.10 


76 


Dialyzed solution after 
salting out with ammonium 
sulfate 


16,100 


0.32 


60 


Eluate from ion-exchange 
column 


11,300 


5.5 


42 


Eluate from hydrophobic 
column 


5,730 


98 


21 


Eluate from gel filtration 
column 


3,890 


195 


15 



its otZlTJrZ^ Preparat,0n ' ° bta,ned as an e,uate f ™ ge' f'tration column in Table 1 . was determined 
hauhe D ZlrZ P T 9 7 5% po, y acr y ,amide 9 e ' <° exhibit a single protein band, and this revealed 

that the preparat,on was an electrophoretically homogeneous enzyme with a relatively-high purity 
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Experiment 3 
Prop rty of enzyme 

The purified enzym preparation obtained in Experiment 2 was subjected to electrophoresis using 10% 
S S l decy,su,fate Po'yacrylamide gel, and this revealed that the molecular weight was about 77 000- 
87 000 daltons in comparison with those of marker proteins commercialized by Japan Bio-Rad Laboratories 
Tokyo, Japan. 1 

o „JlT' f '? d .- en ^ yme prep * r , ation was sub i e <*ed to ^electrophoresis using polyacrylamide gel containing 
2 v/v/o Amphohne an ampholyte commercialized by Pharmacia LKB Biotechnology AB, Uppsala Sweden 
The resultant gel was sliced into pieces, and a gel piece containing the enzyme was determined its pH to rev al 
that the enzyme has a pi of about 3.6-4.6. 

Effects of temperature and pH on the enzyme were studied in accordance with the assay as used for the 
enzyme activity. These results were respectively shown in FIG.s 1 and 2. The optimum temperature of the 

e t n ^r^ bOUt t°° C Wh6n reaCt6d 3t pH 7 0 for 60 min ' and the °P tlmum P H was about 7.0 when reacted 
at 40 C for 60 mm. The thermal stability of the enzyme was determined by incubating it in 50mM phosphate 
buffers (pH 7.0) at different temperatures for 60 min. cooling the buffers, and assaying the remaining enzyme 
activity in each buffer. The pH stability of the enzyme was determined by incubating it in 50mM phosphate 
buffers having different pHs at 25°C for 16 hours, adjusting the buffers to pH 7. and assaying the remaining 
enzyme activity in each buffer. The results of thermal stability and pH stability were respectively shown in 
FIG.s 3 and 4. The enzyme was stable up to a temperature of about 40°C and at a pH of about 6-9. 

Experiment 4 

Preparation of non-reducing saccharides 

An aqueous solution containing 20% glucose, maltose, maltotriose. maltotetraose. maltopentaose, mal- 
tohexaose or maltoheptaose as a substrate was prepared, and mixed with 2 units per g substrate d s b of 
the punf led enzyme preparation obtained in Experiment 2, and the resultant mixture was subjected to an en- 
zymatic reaction at 40°C and pH 7.0 for 48 hours. The reaction mixture was desalted and analyzed on high- 
performance liquid chromatography (HPLC) using "Wakobeads WB-T-330 column", a product of Wako Pure 
Chemical Industries Ltd.. Tokyo, Japan. The HPLC procedure was conducted at an ambient temperature and 
a flow rate of 0.5ml/min of water as an eluent, and "RI-8012", a differential refractometer commercialized by 

Tosho Corporation. Tokyo, Japa n^ was used foranalyzing.react ion products. 

The results'Were as shown in Table 2. 
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Table 2 



Substrate 


Product 


Elution 

On nPLC 


time 
( min ) 


Percentage 
(%) 


Glucose 


Glucose 


33.4 




100.0 


Maltose 


Maltose 


28.5 




100.0 


Maltotriose 


P I 

Maltotriose 


25.9 




35 . 0 
65.0 


Mai to te traose 


P II 

Maltote traose 


21. 6 
24. 1 




85. 6 
14.4 


Maltopentaose 


P III 

Maltopentaose 


19.7 
22.6 




92.7 
7.3 


Maltohexaose 


P IV 

Maltohexaose 


18.7 
21.4 




93.5 
6.5 


Maltoheptaose 


P V 

Maltoheptaose 


17.8 
21.0 




93.4 
6.7 



Note: In the Table, the symbols "P I", "p II", "p in" »i 
and "P V" mean novel saccharide's formed' from the 
respective substrates of maltotriose, maltotetraose, 
maltopentaose, maltohexaose and maltoheptaose. 



str^tt *Z * "T u 2 ' 6aCh reaCtfon pr0dUCt substa n«3«y consisted of the remaining sub- 
new, y- fo 7« d « ac ^ a ride P I, P II. P III. P IV or P V. and other saccharides were not substantially 

nnilf ' '- e ; 3 pe : ce „ nta 9e of 850/. or nigheri d s b wh| , e the Qf p whjch 

w a J?or^L P ^ , °" ° f ? ° f hi9her " 93Ve 3 re ' a ^ e, y'°w yield. It was revealed that no novel saccharide 
was formed from glucose and maltose. 

q ra D l hed^T P 1 U o i ^ !m! I " eWly " f °T ed S3Ccharides in each reacti °" ""'xture. they were.co.umn chromato- 
graphed on XT-1016 (Na -form, polymenzation degree of 4%)", an alkaline-metal strongly-acidic action ex- 

, n sTkXn !° r ?7 erC,a E f * Tok y° ° r 9 anic Ch ^ica. Industries. Ltd.. Tokyo. Japan. The resin was packed 
in 3 jacketed-sta.nless steel columns, each column having an inner diameter of 2.0cm and a length of one m 
and the columns were cascaded in series, fed with a 5 v/v % reaction mixture containing saccharides againsi 

aTe ofiw^l! 7*1 wl^T t6mperature was kee P ina at ™« *'"ted with 55°C hot water at a flow 
rate of SV (space velocty) 0.13 to obtain a high-purity saccharide fraction containing 97% or higher of a novel 
saccharide, d^s b .The fraction was dried in vacuo to obtain a high-purity preparation of a novel saccharide 
■ . ■ V J P ' V P ' V W res P ective| y a "°" 9%. 65%. 82%. 80% and 77% with respect 
98^99^ 

Mn rIc«Hh UC n n I L° WderS ° f th6Se n ° Vel saccharides w ere determined on the Somogyi-Nelson's method and 
expressed by DE (dextrose equivalent). The results were as shown in Table 3. . 
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Saccharide 
preparation 



10 



P II 
P III 



98.6 
99.5 



15 



( Continued ) 



20 



Saccharide 
preparation 

P IV 



Purity 
(3) 

98.4 



P V 



98.4 



25 



0.35 
0.10 



DE 
0.27 



0.23 



30 



It T - ? ? b,B 3 ' 6aCh saccharide Preparation only showed a slight reducing power. 

ioSed 12 fl h , I K^? 9 P ° Wer W3S dUe 10 the remainin 9 reducin 9 maltooligosaccharides or- 

ssss; s~:, and th,s led to a conc,usion ** the ne ^ y formed ~— «- — 

Experiment 5 
Mai Hard react ion 



35 



40 



A solution, containing Tofone % glycine and 10% of a saccharide preparation PI, P II, P III P IV or P V in 

s^nTTt PhOSPhate bUffer <PH 70) ' W3S k6pt 3t 1 °°° C for 90 ™- fo'loL bycolg the ^ 

sultant solut on. and determmmg its absorbance at a wave length of 480nm in 1-cm cell. As a control mai Z 
tnose. maltotetraose. maltopentaose. maltohexaose and maltoheptaose as a material for the saShS'Jprept 

^jrjryjsrr above - and measured their absorbances * a wave ^ - 48 °- ™* 
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Table 4 



10 



15 



20 



25 



Saccharide preparation 


Coloration degree (480nm) 


Judgement 


PI 


0.027 


Present invention 


Pll 


0.018 


Present invention 


P III 


0.012 


Present invention 


PIV 


0.016 


Present invention 


PV 


0.015 


Present invention 


Maltotriose 


0.623 


Control 


Maltotetraose 


0.475 


Control 


Mai tope ntaose 


0.369 


Control 


Maltohexaose 


0.318 


Control 


Maltoheptaose 


0.271 


Control 



I P ^pT P iTn p v r h 4 ' r r " reVea ' ed the new, y- fo ™* hon-reducing saccharides P 
I. P ll. P III, P IV and I P V only showed a shght coloration caused by the maillard reaction, i.e. the coloration 

thaTThsTn % ° f ° f the ' r corres P° ndi "9 "laltooligosaccharides. The results Tv^ed 

action n ° n - reduc,n9 s ^chandes formed by the present enzyme are substantially free from the maillard re- 
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Experiments 



Enzymatic hydrolysis by glucoamylase 



dk^ £hTJ ' , 48 °f non-reducing saccharides P I, P II, P Iff, P IV and P V in Experiment 4 were respectively 

SS^TiS. V ^/%T e (PH 4 * 5) ' admiXed With ° ne unit of g^coamylase contmLuJL- 

tl^ g ^T^° ' Ltd " To ^°' Ja » to_effect enzymatic hydrolysis ar40-C for 6 hours. The only sac 

£ ^ mlXtUre ° n HPLC ana,ysis were 9 ,ucose and treha '°^ The contents of 

the detected glucose and trehalose, and their molecular ratios were as shown in Tale 5 



Table 5 



Saccharide preparation 


Glucose (%) 


Trehalose (%) 


Molecular ratio (Glucose/Trehalose) 


PI 


36.2 


63.8 


1.07 


Pll 


52.0 


48.0 


2.06 


Pill 


61.4 


38.6 


3.02 


PIV 


68.3 


31.7 


4.09 


P V 


72.9 


27.1 | 


5.11 



»™h , ? m reSU ' tS in Tab ' e 5l '* W3S revea,ed that <•> tne non-reducing saccharide P I was hydrol- 

Z IThT ^ 9 i U m I 6 ° ne m ° le ° f trehalose : P ». hydrolyzed into two moles of glucose and one 
H^LL T ( ",° ■ hydrolvzed into tnree moles of glucose and one mole of trehalose; (iv) P IV. hy- 
drolyzed .nto four moles of glucose and one mole of trehalose; and (v) P V. hydrolyzed into five mol s of glucose 
and one mole of trehalose. 

«=, Jh" V 5 W °! en2ymatic reaction mechanism of glucoamylase. it was revealed that these non-reducing 
saccharides have a structure of saccharide consisting of one or more moles of glucose bound to one mole of 
trehalose v»a the a-1,4 l.nkage ora-1.6 linkage: The non-reducing saccharide P I is a non-reducing saccharide 
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hav.ng a degree of glucose polymerization of 3 (DP 3) and consisting of one mole of glucose bound to one 
mole of trehatose; P II, a non-reducing saccharid having DP 4 and consisting of two moles of glucose bound 
to one mole of trehalose; P II, a non-r ducing saccharide having DP 5 and consisting of three moles of glucose 

"r 108 , ; "J? ' saccharide "aving DP 6 and consisting of four moles of 

glucose bound to one mole of trehalose; and P V. a non-reducing saccharide having DP 7 and consisting of 
f.ve moles of glucose bound to one mole of trehalose. It was revealed that, when p-amylase was act on these 
non-reducng saccharides similarly as with glucoamylase. P I and P II were not hydrolyzed but P III P IV and 

molT P nT? y h * dr0, r d , int ° ° ne m °' e ° f ma ' tOSe and ° ne mo,e of P one «™"ose and one 
mole of P II, and two moles of maltose and one mole of P I. 

Based on these results, it was concluded that the enzymatic reaction of the present non-reducing sac- 
T" 9 en2 T ,S a " intramolecu,ar react ™ without changing the molecular weights of the sub- 
conlrud^l'i^h 3 " ,ntra, " olecular reao tion wilhout chan 9 in 9 tneir d «9rees of glucose polymerization. It was 
concluded that the non-reducing saccharides P I. P II. P III. P IV and P V were the respective a-glycosyl tre- 

s l°S. S .£ n * T7? Sy T b °! ° G " m6anS 9,UC ° Se reS ' dUe: thS Symbo1 one ormore inte ^. a nd the 
2£L " "IT ! , r ! S 6) ° f a -9 ,ucos y' ^halose. a-maltosyl trehalose, a-maltotriosyl trehalose, a- 
maltotetraosyl trehalose and oc-maltopentaosyl trehalose. 

Experiment 7 
Hydrolysis by enzymes 

The non-reducing saccharide P I. P II. P III. P IV or P V as a substrate in Experiment 4 was subjected to 
an a-amylase specmen derived from pig pancreas, an a-glucosidase specimen derived from rice or a rat in- 
testinal acetone powder, all of which are commercialized by Sigma Chemical Company, St. Louis. USA, and 
each resultant hydrolysate was analyzed on HPLC to reveal its saccharide composition. The enzymatic reac- 
u T£ a - amylase was as fo,lows: Dissolving 10mg of a substrate in one ml of 50mM phosphate buffer 
? 7 «r r \«r 9 th !.[ esu,tant so,ution with one unit of the a-amylase. and incubating the resultant mixture at 
37 C for 18 hours. The enzymat.c reaction with the a-glucosidase was conducted under the same conditions 
as m i the case of a-amylase except that 50mM acetate buffer (pH 4.0) was used as a buffer. The enzymatic 
reaction with the rat mtestinal acetone powder was carried out under the same conditions as in the case of «- 
amylase except that 50mM maleate buffer ( P H 6.0) was used as a buffer. The saccharide compositions ob- 
tained with the a-amylase. a-glucosidase and rat intestinal acetone powder were as shown in tables 6. 7 and 
o in tnis order. 



Table 6 



Saccharide composition of 
Saccharide hydrolysate 







p I 


P II 


G3 


G2 


Gl 


p 


I 


97.3 


0 


2.3 


- 0.4 


0 


p 


II 


0 


98.8 


0.4 


0.8 


0 


p 


III 


61.0 


4.8 


0 


33.0 


1.2 


p 


IV 


47.2 


3.3 


40.4 


7.5 


1.6 


p 


V 


10. 2 


44.9 


35.3 


8.6 


1.0 



n the table, the symbols "G3", 11 G2 11 and "Gl" 
altotriose, maltose and glucose respectively. 



18 



EP 0 606 753 A2 



Table 7 





Saccharid 


Saccharid composition of hydrolysate with a-glucosidase 










Glucose (%) 


Trehalose (%) 


Other saccharides (%) 






PI 


36.5 


63.0 


0.5 






Pll 


52.1 


47.6 


0.3 






P III 


61.7 


38.1 


0.2 






PIV 


69.5 


30.2 


0.3 






PV 


71.4 


28.3 


0.3 














Table 8 






Saccharide 


Saccharide composition of hydrolysate with rat intestinal acetone powder 






Glucose (%) 


Trehalose (%) 


Other saccharides (%) 


PI 


37.2 


62.4 


0.4 


Pll 


52.5 


47.1 


0.4 


Pill 


62.0 


37.6 


0.4 


PIV 


68.8 


30.8 


0.4 


P V 


73.4 . 


26.5 


0.1 



- ? S „ eV 5! the table 6> il was revealed that saccharide preparations P I and P II were not sub- 

stantially hydrolyzed by a-amylase, while the saccharide preparations P III. P IV and P V were hydrolyzed by 
o-amylase into lower molecular weight oligosaccharides. P I. P II. maltotriose. maltose and glucose 

As evident from the results in Tables 7 and 8. it was revealed that similarly as in Experiment 6 with glu- 
coamylase the saccharide preparations P I. P II, P III. P IV and P V were hydrolyzed by a-glucosidase and rat 
intestinal acetone powder into glucose and trehalose molecules. 

To the resultant hydrolysate obtained with a-glucosidase or rat intestinal acetone powder was added one 
unit trehalase derived from pig kidney, an enzyme preparation of Sigma Chemical Company. St. Louis USA 
and the m.xture was incubated at pH 5.7 and 37°C for 18 hours, followed by analyzing the saccharide com^ 

oT'o? n n e Jfw Ultant miXtUre ° n HPLC t0 reveal that trehalose, formed from the saccharide preparations 
' "■ p '"• p lv and p V, was hydrolyzed by trehalase into glucose molecules. 
These observations are summarized as follows: 

(1) The present non-reducing saccharide-forming enzyme forms non-reducing saccharides having a tre- 
halose structure when allowed to act on one or more reducing partial starch hydrolysates having a degree 
of glucose polymerization of 3 or higher without changing their degrees of glucose polymerization; and 
(2 The non-reducing saccharide P V is mainly hydrolyzed by a-amylase into the non-reducing saccharide 
Pll and maltotriose. while the non-reducing saccharide P II is hydrolyzed by glucoamylase into one mole 
of trehalose and two moles of glucose. 

Based on these results, it was concluded that the present non-reducing saccharide-forming enzyme is a 
novel enzyme which intramolecularly converts a reducing end unit in reducing partial starch hydrolysates to 
a non-reducing end unit, a trehalose residue, i.e. a trehalose structure. 

Experiment 8 
Acute toxicity test 



By using 7-week old dd-strain mice, the non-reducing saccharide preparation P I. P II, P III P IV or P V 
was orally administered to the mice for its acute toxicity test As a result, it was revealed that these saccharid 
preparations are safe substances with a relatively-low toxicity, and that no mouse died even when administered 
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SSS'SSK *~ T ' ,0U! * , n< * so *• value * °' LD » ,> " h - — * ""*>• 

Experiment 9 

Production of non-reducing s accharide-forming enzyme from Arthrobacter sp. Q36 

Similarly as in Experiment 1. a seed culture of Arthrobacter sp. Q36 (FERM BP-4316) was cultured hu . 
fermentor for about 72 hours in p.ace of RNzobium sp. M-11 (FERM BpLnaO). ^^I^SES: 
neriment? 9 Sa ,f har,d * formin 9 en2 V™ »" the resultant culture was about 1.2 untWW?8lSSS^ta^ 
penment 1 a ceJI suspens,on and a supernatant, prepared from the resultant culture, were assayed the* ac- 
tiv.t.es to g.ve about 0.5 units/ml and about 0.7 units/ml respectively. * 

Experiment 10 

Purif fcation of enzyme 

^naiL^nST " L °" h ° reSU " a "' °'"" ,re ° b,ai ™ d "» " ,0 method ln &P«tm.nt 9, the resultant rm*. 



Table 9 



Purification step 


Enzyme* 
actxvity 
(unit) 


Specific Yield 
activity (%) 
(units/mg protein) 


Culture 


21,600 




100 


Supernatant after 
cell disruption 


17, 500 


0.14 


81 


Dialyzed solution 
after salting out 
wath ammonium sulfate 


15,700 


0.41 


73 


(Continued ) 








Purification step 


Enzyme* 
activity 
(unit) 


Specific Yield 
activity (%) 
(units/mg protein) 


Eluate from ion- 
exchange column 


12,600 


6.5 


58 


Eluate from 
hydrophobic column 


8,820 


98 


41 


Eluate from gel 
filtration column 


5,290 


201 


24 



sacchiride-forniinrenzySB n ~ re<iUC:Lng 

on itt ™2»?«„ e r.T e P h reparation ' obtained as the el "ate from gel filtration column in Table 9. was studied 
^^^^ZZTT** S , r,y 35 " 2 to reveal a single protein band, and this showed 

that the enzyme preparat.on was a relat.vely-high purity enzyme having an electrophoretically single band 
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Experiment 11 
Property of enzyme 

BA ™? PUrifie ? enzyme P re P ar ation obtained in Experiment 10 was determined its molecular weight on SDS- 
PAGE to give about 76.000-86.000 da.tons. The p. of the enzyme preparation was determ nedTisoe^rl 
phores ls SI mila r |y as m Experiment 3 to give a pi of about 3.6-4.6. The effects of temperature and P H on T 
enzyme preparat.on and the thermal stability and P H stabi.ity thereof were studied similarlyTs^n Lpelent 
5." 1. 7 andT °" temPefatUre ' pH ' thermal Stabi,i * and P H ««y were respectively as shownTpTc s 

As evident from these FIG.S. the optimum temperature of the enzyme preparation is about 40°C- the oo- 
t.mum pH. about 6.5-7.0; the thermal stabi.ity. up to about 40°C; and the pH stability, about 6.0-9.5 

Experiment 12 

Preparation of non-reducing saccharide 

of th! y «T n ? P , UHf T 23 "" 6 preparation obtained in Experiment 10. the preparation and the confirmation 
ments 4 andrA n0IH ^f na sacc ^ri d es were experimented in accordance with the methods in Expen- 
rZ I. t ift reSU u ' 11 W3S reVea,ed that the enzyme Preparation forms one or more non-reducing sac- 
when a^ldl T reha, ° Se StrUCtUrS 35 30 6nd Unit 3nd 3 de9ree of 9 ,ucose Polymerization of 3 o higher 
£Z 5 3 or Ngher 0 " " redUC ' n9 Part ' al hydr ° ,ySateS ^ 3 **~ ° f - 

Experiment 13 

Preparation and property of non-reducing saccha r ide-forming enzvme from known microorganisms 

H., J^" 9 kn °r miCr °f f 9an ' SmS tne micraor 9anisms as listed in Table 10. which had been confirmed to pro- 
sSr.v a^nr n ° n : redu ( C ' n 9 saccharide-forming enzyme, were cultured by a fermentor at 27"C for 72 hours 

enured at 3?-^SS2 T^*" 1 L miCr °° r 9 anism ° f W ^ acte "^ ^af/s (ATCC 19420) was 
II . > C Eighteen L of each resultant culture was subjected to a cell disrupting apparatus and the 

Z^SSKSyr amm ° n, ' Um dia,y2ed ' and -"jected'to an ton-exchange co,!- - 

umn i to obtain a partially punfied enzyme preparation. followed by-studying its propertied 

Theresults^were-tabulated in Table fO. 
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J J!£ T nCB meth ° d Experiment 12 ' non-reducing saccharides were prepared by using par- 

SSSSSJ^T PreP T 3 fram th6Se kn ° Wn microo W«™' and studi d on thefr structured fTd 
s !™Ln7" V w non -" jduci "9 saccharide-forming enzyme f rem Rhizobium sp. M-1 1 , ev ry enzyme prep- 

oo!vm 8 h"t 9 Sa h CCha ; d8S haVi " 9 3 treha,OS Structure as an end "n't a " d a de^reeTg3se 

polym nzation of 3 or h.gher when allowed to act on one or more reducing partial starch hydrolysates havino 
a degree of glucose polymerization of 3 or higher. nyaroiysates naving 

Experiment 14 

10 

Partial amino acid sequen ce of non-reducing saccharide-forming enzvme 
Experiment 14 (1) 
15 Amino acid sequence containing N-terminal 

A part of a purified enzyme preparation derived from Rhizobium sp. M-11. obtained by the method in Ex- 

moZH p Par ?n 3 PUrif ^ enZyme Preparat ion derived frotn Abactor sp. Q36, obtined by he 
method ,n Expenment 10. were dialyzed against distilled water, and about 80ng protein of each resent oreo 
20 arat.cn was used as a samp.e for determining their amino acid sequences containing *SSZ3SS^E 
ammo ac.d sequences were analyzed on "Protein sequencer Model 473A", an appara tu o ZZtolvs- 
tems. Inc.. Foster City. USA. to reveal their 10 amino acid residues from their N-termina"s Pari amino add 
sequences contaming the N-terminals of the enzyme preparations were as shown in Table 11 

25 Table 11 
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Origin 


Partial amino acid sequence containing N-terminal 


Rhizobium sp. M- 1 1 


valine (or methionine)-arginine-threonine-proline-alanine-serine-threonine- 
tyrosine-arginine-leucine- 


Arthrobacter sp. Q36 


methionine-arginine-threonine-proh 

leucine- a J 



35 arat £n f™ TrhZI I'/J! ff"' amm ° aC ' d S8quenCe staining the N-terminal of the enzyme.prep- 

"esWue oTL formt'^ ^ ^ *" in that the N-le-FmTna. amino acS 

™ ln« jJi 1« h val,ne _°l^th.on.ne.and-that of the litter is methionine, while they have 8 common 

— - SSS^TEIS^ "tH^ 10 ami "° aC ' d reS ' dUeS - M ° re P arti -'-ly. they completely coincide 
mo^LTZZ ^ y 6 6 Same amm ° aCW SeqUence consis «"9 of 3 amino acid residues which 
<o Tlnl "hI > L " ar9 ' nm ! corres P° ndin 9 to ^e ^ond amino acid residue with respect to thefr N- 
as havfo thf corres P° ndi "9 to the forth amino acid residue with respect to their N-terminals; as well 

as hav.ng the same ammo ac.d sequence consisting of 5 amino acid residues which are positioned between 

soonro C toTr d K n9 l ° amin ° 3Cid reSldUe With reSp6Ct 10 their N - te ^'nals ^euZntZZ 

spondmg to the tenth ammo acid residue with respect to their N-terminals. It was revealed that these enzyme 

- ZTs^ZLZT" ParUa ' ami T dd S6qUenCe C ° ntaining N - terminal ° f X,-arginrne-threonrneTc! 

(Wherein " X/ meanS Va,ine 0r methionine and 

Experiment 14 (2) 
50 Internal partial amino acid sequence 

perimrnTri a d P r o ?r?nT 2ym T! Parati ° n ^ Rhizobium S P- M-11. obtained by the method in Ex- 

SSltoH ffl ^i?^,'T' P^P^ation derived from Artbrobacter sp. Q36. obtained by the 
« Sve v dZted wi th I f' T* ^ u St 1 ° mM TriS - HCI buffer < pH 9 -°>' and the resultants were re- 
the resulL s l t lJ r^T™, °' ***** * 9 ' Ve about one m 9/ml. To one ml a.iquots of 

dustries Ud Tok- jZT adde f: Endopeptidase" commercialized by Wako Pure Chemical ln- 

were t T ° re3Ct 31 3 °° C f ° r 22 h ° UrS t0 f0rm W ««■ The resu.tant mixtures 
were subjected to reverse phase h.gh-performance liquid chromatography (reverse phase HPLC) to separate 
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the peptides. The apparatus and conditions used to separate the peptid s of the enzyme preparation from 
Rhaobnm is* .M-11 on the reverse phase HPLC w re "CAPCELL PAK C18 column", a diameter of 4.6mm and 
a length of 250mm. a product of Shiseido Co., Ltd.. Tokyo. Japan; a flow rat , 0.6ml/min; a temperature an 
ambient temperature; an elution tim , 60 min; and a gradient, a liner gradient of a solution containing 0 1 v/v 
/. tnfluoro acetate and acetonitrile ranging from 16-48 v/v %. The apparatus and conditions used to separat 
the peptidesof the enzyme preparation from Arthrobaotersp. Q36 on reverse phase HPLC were "u-Bondapak 

Mil I r Vm9 M a ,fT!!o ° f 2 - 1mm 8nd 3 len9th ° f 150mm " 3 praduct of Waters Chromatography Div.. 

Hm 2 n T ^\ US , A; 3 f '° W ratSl °- 9m,/min: 3 tem P eratu ~. ambient temperature; an elution 
time 60 mm; and a gradient, a liner gradient of a solution containing 0.1 v/v % trifluoro acetate and acetonitrile 
ranging from 30-55 v/v %. The peptides eluted from the columns were detected by monitoring an abso^bencS 
p/n Z h 6 ?^ ° f 21 ° nm * From the enzvme Preparation of Rhizobium sp. M-11 three peptides named as R37, 
S^JJST I having the respective retention times of about 37, 40 and 42. and from the enzyme preparation 

a^TlT^Z^ * PeP ^? named 38 A1?I and A4 ° havins the res " ective ^n«°n Les of 

about 17. 22 and 40 were recovered after separation of concomitant peptides, followed by drying the resultant 
peptides ,n vacuo and dissolving them in 200uJ aliquot solutions with different concentrations of 0.1-50% acet- 
onitrile. Each peptide specimen thus obtained was subjected to a protein sequencer to analyze its amino acid 
m TbT C i e 2 UP am ' n ° aC,d reSidUeS ' ana,yZ6d intema ' Parti£ " amin ° acid s «^ences were as shown 



Table 12 



° rlgln Peptide Internal partial amino acid 



sequence 



oor, glycine-valine-glutamlc acid-Aspartic 
/ acid-threonine-alanxne-phenylalanine- 
phenylalanine-arginine-tyrosine- 

Mizobium sp. ~~~ leucine-valine-glutamine-leucine- 

R40 threonine-methionine-proline-glycine- 
valine-proline- 

r>An 9 lut: amic acid-glycine-arginine- — 

R42 _ ^ycAr^^ 
— - alanine-valine-alanine- 



( Continued ) 



Origin Peptide Internal partial amino acid sequence 

glycine-valine-glutamic acid- 
aspartic acid-threonine-alanine- 
A17 P^enylalanine-phenylalanine-arginine- 
tyrosine- . 

Arthrobacter leucine-valine-glutamine-leucine- 
sp * 036 A22 threonine-methionine-proline-glycine- 

valine-proline- 



glutamic acid-glycine-arginine- 
A40 glutamine-serine-arginine-tyrosine- 
alanine-glutamic acid-alanine- 



6Vident I^ Tab ' e , 12 ' th P3rtia ' amin ° add se < uence of peptide R37 of the enzyme preparation from 
Rhizobium sp. M-11 completely coincided with that of peptide R40. while that of peptide R40 completely co- 



co- 
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a^naTan^Vn ^ M0 ' the * have 7 amino acid residues 

tZlll „, n, ^ 3 w 7 f d reSWUeS '' Le - Peptid S R42 and A40 have a c °mmon Partial amino acid 
sequenc of glutam.c acd-glycine-arginine-Xa-serine-^-tyrosine-alanine-Xralanine- (wherein means 
- glycine or glutamine; "X^. proline or arginine; and %». valine or glutamic acid) 

taw ZV^»lf?*7 leS A . >UUat T th6 preparation <* tne P^ent non-reducing saccharides, relatively. 

Ln^ «rt„l 9 ^H S k° amm9 3nd treha ' OSe: and Examp,es 8 i,,U8trate compositions containing 
one or more of these saccharides and trehalose. 8 

> Example A-1 

/ yJZiZ IT" ° f fTTT sp - M " 11 ( pERM BP ^ 13 <» was inoculated in a nutrient culture medium and 
tht S,h y t Th f ^ abOU ! 36 h ° UrS accordance wit " ^e method in Experiment 1. After compTetion 
f " ^ the Z SUlt3nt CU ' tUre W3S fi,tered to remove 06,18 wit " an SF-membrane to obtain an about 
18 Lfltrate which was then concentrated with a UF-membrane to obtain about one Lof a concentrated solutton 
containing 17.7 units/ml of the present non-reducing saccharide-forming enzyme ncentrated s °™>™ 

th %Vt SU T nSi ° n ° f POtat ° Star ° h ' dAb " was 9 elat '"ized by heating, adjusted to P H 4.5 and 50°C mixed 
oLaZ i" P6r H 9 S K rch °l iS ° amy,aSe com * ercia,ized ^ Hayashibara Biochemical Laborers Tc 

^S72^^^'SSTin 3n en2ymatiC reaCti ° n f ° r 20 h ° UrS - The resultant mixture was justed to 
P H 6.0 autoclaved a 120-Cfor 10 min. cooled to45°C, admixed with 150 units perg starch of Termarnyl 60L° 

l«ZnZ\TZ™ ^ NOV ° ' ndUStri Copenha ^ n - Denmark, and subjected to an enzymatfc ^ 

staJHtfZTT miXtUre was autoc,aved at 120 ° c for 20 min. cooled to 45-C. admixed with one unit per g 
houTs Thl ~f rr n ; saccharide - form ing enzyme, and subjected to an enzymatic reaction for 96 

uZfm™ h! m '? Ur l Was kept at 95 ° C for 10 min - c °°'« d and filtered. The resultant firtrate was in the 

FSESZ^^T T Tr tS<i CharC ° al ' PUrif i6d by deSa,tin 9 rt with 'on-exchange resins in 
™J !? t ' .1? SO,Utl ° n WaS °° n «» ntrat *» '"to a 70% syrup in a yield of about 91%. d.s.b. 

rf « h ts P w !*„ a -S E 18 8, a " d C ° ntainS 8 - 3% P 5 5% P 37 7% p "'. 1-4% P IV and 1.3% P V 
d.s.b. The product has a m.ld and higtv-quality sweetness, as well as an adequate viscosity and moisture-re^ 

ener. taste-improving agent, quality-improving agent, stabilizer and filler. 

Example A-2 

A saccharide solution as a feed solution, obtainedJ,yJhe method in Example A-Vwa'sTractionatedby uiino 
-catS^^^ ^ XT - 1016 ;< Na ^ polymerization degree of 4%)». an airline metal stmng.y-3 
cation exchange resin commercialized by Tokyo Organic Chemical Industries Ltd.. Tokyo. Japan. The proce! 
5 41^ th T ^ ^ 4 i a <* ated -*ain«ess steel columns having an inner diameter of 

to T T" S CaSCad6d SeHeS t0 9iVe 8 t0ta ' 9e '- bed deptn of 20m - The col "mns were heated 

at Z tlnLZr T ^ emperatUre ° f 55 ° C ' 3nd f6d With 5 V/V % of the saccharide solution while keeping 
at the temperature, and the sacchande solution was fractionated by feeding to thecolumns with 55°C hot water 

l^>H Ve / ra ?'° nS "l 9 ' UCOSe and ma ' tOSe> f0 " 0Wed by ^covering fractions rich in non-reducing sacchar- 
nuLJ^ ? IT 8 " on - reducin 9 saccharides were pooled, purified, concentrated, dried In vacuo, and 
pulverized to obta.n a powdery product containing non-reducing saccharides in a yield of about 61% d s b 

The product exhibits a DE 5.7 and contains 9.3% P I, 7.4% P II, 55.5% P III. 2.1% P IV and 1.9% P V, d s b 
S milarly as the product in Example A-1 . the product has a mild and high-quality sweetness, as well as an ade- 
quate viscos.ty and mo.sture-retaining ability, and these render it arbitrary useful in food products, cosmetics 
and pharmaceuticals as a sweetener, taste-improving agent, quality-improving agent, stabilizer and filler. 

Example A-3 



cen tL ,2"^ n i t S " Sp * ns ™ ° f corn starc h- d.s.b.. was mixed with calcium carbonate to give the final con- 
tt^T^ ', in , ^ 3nd thS reSU ' tant miXtUre Was adjusted to pH 6 - 5 ' admixed with 0.2%. d.s.b.. per g 
Sd Z ,7nLn? my > ' °: amy,ase commercialized by Novo Industri A/S Copenhagen Denmark, and sub 
jectec I to an enzyrna^c react.on at 95-C for 15 min. The reaction mixture was autoclaved at 120'<D for 10 min 
hf r l°B ?' admi , X , ed witn 5 units P e r 9 starch of maltotetraose-forming amylase commercialized by Hay- 
The rZuZZ^ Lab0rat ° ries ,nc - ° ka y ama . J apan. and subjected to an enzymatic reaction for 6 hours. 

II 7lZ TcZlZTclTJ ZT T 30 Un,tS P6r 9 StarCh ° f "- am V |as e 2A». a-amylase commercialized 
by Ueda Chem,cal Co.. Ltd., Osaka, Japan, and subjected to an enzymatic reaction at 65"C for 4 hours The 
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reaction mixture was autoclaved at 120-C for 10 min, cooled to 45°C. admixed with 2 units per g starch of a 
non-reducing saccharide-forming nzyme obtained by the m thod in Example A-1, and subjected to an enzy- 
matic reaction for 64 hours. The resultant mixture was kept at 95°C for 10 min, cooled and filtered to obtain 
a filtrate which was then decolored with an activated charcoal in the usual manner, and purified by desaltinq 
it w.th .on-exchange resins in H- and OH-form, followed by concentrating the resultant solution to obtain a 70% 
syrup in a yield of about 90%, d.s.b. 

The product exhibits a DE 10.5 and contains 3.7% P I. 43.7% P II, 1.2% P III, 1.1% p | V and 0 6% P V 
d.s.b. The product has a mild and high-quality sweetness, as well as an adequate viscosity and moisture-re^ 
taming ability, and these render it arbitrary useful in food products, cosmetics and pharmaceuticals as a swe t- 
ener, taste-improving agent, quality-improving agent, stabilizer and filler. 

Example A-4 

A saccharide solution as a feed solution, obtained by the method in Example A-3, was column chromato- 
graphed m accordance with the method in Example A-2 except that "50W-X4 (Mg ++ -form)", a strongly-acidic 
cation exchange resin commercialized by Dow Chemical Co.. Midland. Michigan. USA, was used as a resin 
for fractionation in order to increase the content of non-reducing saccharide P II (DP 4) and to obtain a non- 
reducing saccharide P ll-rich fraction. The fraction was purified, concentrated and spray dried to obtain a powd- 
ery product rich in non-reducing saccharides in a yield of about 40% d s b 

a n J!] 6 / °!! UCt T 43 " 13 8,5% P '* 68 0% P " and 1A% P '"• d s b - as a "onlreducing saccharide, and exhibits 
a DE 3.5 and a substantially non or low reducing power. Similarly as the product in Example A-3. the product 
has a mild and high-quality sweetness, as well as an adequate viscosity and moisture-retaining ability and 
these render it arbitrary useful in food products, cosmetics and pharmaceuticals as a sweetener taste- 
improving agent, quality-improving agent, stabilizer and filler. 

Example A-5 



To 20/, aqueous solution of maltopentaose, commercialized by Hayashibara Biochemical Laboratories 
inc.. Okayama, Japan, was added 1 .0 unit per g maltopentaose of a non-reducing saccharide-forming enzyme 
prepared by the method in Example A-1. and subjected to an enzymatic reaction at 45"C for 48 hours The 
enzymat.c reaction resulted in a conversion of about 93%. d.s.b.. maltopentaose into non-reducing saccharid 
P III. The reaction mixture was kept at 95"C for 10 min. cooled and filtered to obtain a filtrate which was then 
in the usual manner decolored with an activated charcoal, desalted with ion-exchange resins in l+and OH- 
form, and concentrated. In order to increase the content of non-reducing saccharide P III (DP5)7the resultant 
concentrate was similarly as in Example A-2column-chromatograpT^d by using an alkaline metal strongly- 
acidic ^cation exchange resin-to obtain a P Ill-rich fraction. The fraction was purified, concentrated and spray 
dned to obtain a powdery product containing high-purity non-reducing saccharides In a yield of about 55%. 

The product contained 99.0% P III as a non-reducing saccharide, d.s.b.. and exhibited a DE of lower than 
about 0.2. the level of which is extremely low. The product has a slight sweetness and can be arbitrary used 
in food Products, cosmetics and pharmaceuticals as a sweetener, taste-improving agent, quality-improving 
agent and stabilizer. a 

Example A-6 

• , f TVf 13 ty W6i9ht of " PINE - DEX *»\ a Partial starch hydrolysate commercialized by Matsutani Chem- 
! < Sr. n * !' W3S dissolved in 60 P arts bv wei 9 ht of water, and the resultant solution was heated to 

45 c. adjusted to pH 6.5. mixed with one unit per g partial starch hydrolysate of a non-reducing saccharide- 
forming enzyme prepared by the method in Example A-1 . and subjected to an enzymatic reaction for 96 hours 
while keeping at the temperature and pH. Thereafter, the reaction mixture was heated at 100°C for 10 min to 
inactivated the remaining enzyme, diluted to give a concentration of about 20%. d.s.b.. admixed with 1 0 units 
per g partial starch hydrolysate of "GLUCOZYME". glucoamylase comm rcialized by Nagase Biochemicals. 
Ltd.. Kyoto. Japan and subjected to an enzymatic reaction for 40 hours, followed by heating the resultant mix- 
ture to inactivate the remaining enzyme. The mixture thus obtained was in the usual manner decolored with 
TJ, «! T ,? ° 31, dSSa,ted Wilh 3n ion - exchana e resin, and concentrated to give a concentration of about 

The saccharide solution thus obtained contained 29.5% trehalose, d.s.b. The saccharide solution was column 
chromatographed in accordance with the method in Example A-2 except that "CG 6000 (NaMbrm)". a strongly- 
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hydrous crystalline trehalose at 95°C for 5 min while stirring. The resultant was transferred tn *„ a i„ m i n 



quality and mild sweetness. 
to Example B-1 
Sweetener 



To one part by weight of a powdery product rich in non-reducing saccharides obtained bv th. m( *h„H in 
Example A-4, was homogeneously added 0.01 part by weiaht of "«G «5w»o7» ° D , e ° ^ the method ,n 
cialized by Toyo Sugar Refining Co". Ltd.. Tokyo .Japan. ZftoT* "by^t^ 

The product scarcely forms acid and insoluble glucans when dental carri^inrf. ,^1™ 
on lh „ ^ „ US e, ul tor .wee-*, too/p,,*.**, ZEZ^ZSZT "* 

Example B-2 



Hard candy 



One hundred parts by weight of 55% sucrose solution was mixed with 30 parts by weight of a svruo con 
taming non-reducing saccharides, obtained by the method in Examole A-3 anJ I th™,S \ * P 

nn iJ? r e n?S hard candy having a satisf iable taste and-biting pr^t y 'a S 7 v^as havino 

no fear of changing the form and causing crystallization of suc^s^^ 9 



— Example B-3 

40 Chewing gum 



45 



i ne product is a chewing gum having a satisfiable texture and taste. 
Example B-4 



50 Sweetened condensed milk 



55 



My canning ,he r. 8 u J„Hn,oZl s L^r^' ' "* S ''" , " 0n • " aSe "'" 

^ruT^etLra 'nXr M 3 SaHS " ! "'" i BSM — - * — *» «• 
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Example B-5 

Beverage containing lactic acid bacteria 



One hundred and seventy-five parts by weight of defatted milk. 80 parts by weight of a high non-reducina 
sacchande content powder prepared by the method in Example A-2. and 50 parts by wefcS of Thigh S 
sucrose content powder disciosed in Japanese Patent Laid-Open No.281 ,795/92 were dissoled in im part 
llZT 1 r ' I"* reSU ' tant SO ' Uti0n WaS Steri,ized bv heati "9 at 65 ° c 30 min. cooied to 40 cc 

for a hou " m K nner W ' th 30 PaftS by Wei9ht ° f ,3CtiC add bacteria as a starter - and incubated at 37oC 

for 8 hours to obtain a beverage containing lactic acid bacteria. 

The product is a beverage containing lactic acid bacteria with a satisfiable taste and flavor The product 
containing oligosaccharides stably retains lactic acid bacteria and promotes the growth of bifid bacter^ 



Example B-6 
Powdered juice 



Thirty-three parts by weight of a powdered orange juice prepared by spray drying was mixed to homooe- 
neity under stirring conditions with 50 parts by weight of a powder rich in non-reducing sac^aridS oZned 
by the method ,n Example A-2. 10 parts by weight of sucrose. 0.65 parts by weight of anhydrous^tric acfd 
0.1 part by weight of malic acid. 0.1 part by weight of L-ascorbic acid. 0.1 part by weight of sod ^m cTrate 0 5 

ized fed7 0 6 L 9 ! °H ^ a " adeqU3te ^ ° f 3 P ° Wdered f,av ° r - resultant mbctu^s X 
zed. fed to a flu.dized-bed granulator and granulated for 30 min by spraying it with a syrup containing non- 

"?ZZS eS V^T ° btained ^ meth ° d 1 Whi,e sendi "9 to the contents 40 " C 

air. The granules thus obtained were weighed and packaged to obtain the desired product 

«*hl rodUCt COnta : ns it 3 ° % ora "9 e i uice ' d s -b- The product was stable for a relatively-long period of time 
without giving an unsatisfiable taste and smell. 



Example B-7 
Custard cream 



chaZll nTZn E ?■? * 1°°™ 1 °° P3rtS by W<S, ' ght ° f a syrup staining non-reducing-sac- 

chandes obtained by the method in Example A-3. 80 parts by weightpf maltose,-20 parts ^ byWght of sucrose 
and one part by weight of salt were mixed to homogeneityTTheTeiultant mixture was admLd with 28u parts 

~Z^~-T t and rdd6d With 1 ' 00 ° Parts by We * ht of a boi,i "9 mixture thus obtaTed 

Zll f. t,mn ( ? t Wh ! ,e beat,n , 9 - 3nd the heati " 9 was st °PP ed wnen the "on, starch in the mixture was 
tZTJn?? T 9 ' Ve ? e Wh0 ' e C ° ntentS semitra " s P*™t. followed by cooling the resultant and adding 

^ZTeZZZT of a vani,,a flavor - The resu,tant mixture was wef9hed - in * cted and p- k ^ d to 

The product has a smooth surface and gloss, as well as a mild taste and sweetness. 
Example B-8 
An (beans paste) 

f„..„ Te 1 r rtS ^ Wei9 H l ° f adZUk '' b6anS 38 3 material was boi,ed bv the addition °' water in the usual manner. 
IkL To, ^ T?? ! astrm 9 encv and harshness of the beans, as well as water-soluble impurities, to obtain 
about 21 kg adzuk,-t S ubu-an". To the resultant was added 14 parts by weight of sucrose. 5 parts by weight of 
a syrup containing non-reducing saccharides obtained by the method in Example A-3. and 4 parts by weight 
of water, and the resutant mixture was boiled, mixed with a small amount of salad oil. and carefully kneaded 
up so as not to paste the beans. Thus, the desired product was obtained in a yield of about 35kg. 

The product free from discoloration induced by boiling has a satisfiable taste and flavor, and these render 
sherbet and • *" buns> bmS wi,h bean "i am fillin 9. dumplings, bean-jam-filled wafers. 
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Example B-9 
Bread 



10 



One hundred parts by weight of wheat powder, 2 parts by weight of yeast, 5 parts by weight of sugar, one 
par by we.ght of a powder containing non-reducing saccharides obtained by the method in Example A-7 0 1 

2?C forTh'ours 'Z^u^*** T *T ^ ^ " the USUa ' manner to effect ^mentation at 

26 C for 2 hours, and further aged for 30 min. followed by baking up the resultant 

and m^d^T * * high * qUa ' ity bread having a sat ^le hue and rising, as well as a satisfiable elasticity 



55 



Example B-10 
15 Ham 

wJS T« ',!° U ? Pa f rt l by We, '? ht ° f m6at S " CeS WaS added and around to homogeneity 15 parts by 
we.ght of salt and 3 parts by we,ght of potassium nitrate, and the resultant slices were piled up and allowed 
to stand overmght .n a cold-storage room. Thereafter, the resultant slices were first soaked for 7 days in a cold- 
storage room in a salt solution consisting of 500 parts by weight of water. 100 parts by weight of salt. 3 parts 

^Zi ,h°H f S T "Vl' 40 PartS by W6i9ht ° f 3 P ° wder «nWn«na non-reducing saccharides prepared 
by the method in Example A-7. and an adequate amount of a peppermint, then washed with cold water in th 
usual manner, tied up. smoked, cooked, cooled and packaged to obtain the desired product 
The product is a high-quality ham having a satisfiable hue. taste and flavor. 

Example B-11 
Powdery peptide 

30 Forty % "Hinute S". a peptide solution of edible soy beans commercialized by Fuji Oil Co Ltd Tokvo 

Japan was mixed with 2 parts by weight of a powder containing hydrous crystalline trehalose prepared by the 
method m Example A-6. and the resultant mixture was placed in a plastic vessel, dried in vacuo at 50°C and 
pulvenzed to obtain a powdery peptide. The product having a satisfiable taste and flavor can be arbitrary used 

35 TJ.TnT\ orco ^* ,oneries sucnas Premixes. sherbets and ice creams, as well as baby foods and ther- 
35 apeutic nutntion in the form of oral and intubation feedings. - 

Example B-12 — 
Powdery egg yolk 

Egg yolks prepared from fresh eggs were sterilized at 60-64-C by a plate heater, and the resultant liquid 
was mixed with 4 parts by weight of a powdery anhydrous crystalline trehalose prepared by the method in 
Example A-8 with respect to one part by weight of the liquid. The resultant mixture was transferred to a vessel 
al owed to stand overnight to form a block while the anhydrous crystalline trehalose was allowing to converi 
powdeTegVyik treha ' OSe - The b,ock thus obtained wa * Pulverized by a cutting machine to obtain a 

The product can be arbitrary used as a material for confectioneries for premixes. sherbets, ice creams 
and emuls.fiers. as well as baby foods and therapeutic nutrition in the form of oral and intubation feedings. 
The product can be also used as a skin refiner and hair restorer. 

Example B-13 
Cosmetic cream 

-if TW ° iT* by We, ' 9ht of P°»y°xyethylene 9'vcol monostearate. 5 parts by weight of glyceryl monostearate, 
self-emuls.fy.ng. 2 parts by weight of a powder rich in non-reducing saccharides obtained by the method In 
Example A-2, one part by weight of a-glycosyl rutin, one part by weight of liquid petrolatum. 1 0 parts by weight 
of glyceryl tr.-2-ethylhexanoate. and an adequate amount of an antiseptic were dissolved by heating in the 
usual manner. The resultant solution was admixed with 2 parts by weight of L-lactic acid. 5 parts by weight of 
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1 ,3-butylene glycol and 66 parts by weight of refined water, and the resultant mixture was emulsified by a ho- 
mogemzer and admixed with an adequate amount of a flavor while stirring to obtain a cosmetic cream. 

usef l^J^ ^ rl tS a " antiOX, ' da " t activit y and has a relatively-high stability, and these render it arbitrary 
useful as a high-quality sunscreen, skin-refining ag nt and skin-whitening agent 



Example B-14 



Solid pharmaceutical 

humln fnterZ," ^ ^ imm ° bi,ized ^ti-human interferon-a antibody was fed in the usual manner a natural 
feZ^TZZ P ; eparat, °"; commerciali2ed ^ Cosmo Bio, Tokyo, Japan, to adsorb the interferon-a. and 
he SEii Th C °1 IT 03 f * erum a,bumin as a stab "™r, fo "°wed ^ removing an excessive amount of 
the album n. Thereafter, the mterferon-a was eluted with a physiological saline containing 5% of a high-purity 

iSe ' dS - b -' ° btain6d bV EXamP ' e A " 5 ' Whi,e varyin * ' the PH of the X* 

T.N^oS^ U f w W3S mem ^ ane fi ' tered ' the fi,trate W3S by about 20-fold volumes of 

i-nln SS ■ h k anhydrous "ystall'ne maltose powder commercialized by Hayashibara Shoji Inc.. Okayama 
Japan, followed by pulvenzing the resultant dehydrated product, and tabletting the resultant by a tabletting 
machine into tablets containing about 150 units of the natural human interferon-a per one tablet. 200mg weight 
The product can be orally administered as a sublingual tablet to patients at a dose of 1 -1 0 tablets/adult/dav 

t^rlv ? Vira ! d M eaSeS ' a,,ergyS ' rheumatisms . diab ^ and malignant tumors. More P a£ 
ticularly the product can be suitably used as a therapeutic agent for AIDS and hepatitis, the number of patients 

ma^oTe inrol 66 ; ^^j™****- ™» P^ent non-reducing saccharides and anhydrous S 
maltose incorporated in the product act as a stabilizer for the natural human interferon-«, so that the activity 
is well reta.ned for a relatively-long period of time even at an ambient temperature. 

Example B-15 
Sugar coated tablet 

A crude tablet as a core. 1 50mg weight, was coated with a solution consisting of 40 parts by weight of a 
powdery hydrous crystalline trehalose obtained by the method in Example A-6. 2 parts by weight of pullulan 
having an average molecular weight of 200.000. 30 parts by weight of water, 25 parts by weight of telc.-and ' 
LT? b ^ e ' 9h °. t,tan,um oxide "ntiLthetotal weight reached to abouT236mg. and the resultant was further 
-SSftTS 1 TT, COnsistih 9 ° f 65 P arts b y weight of a fresh preparation of the same powdery hydrous 
w« n Z trehalOSe> ° ne Part ^ weight of pullulan. and 34 parts by weight of water, and glossed with a liquid 
wax to obtain a sugar coated tablet having a satisfiable gloss and appearance 

of time 6 Pr0dUCt 3 re ' atively - hi9h shock tolerance and retains its high quality for a relatively-long period 

7' d Tt f ?"l 3bOVe ' the PreS6nt " OVel non - reducin 9 saccharide-forming enzyme converts reducing 
partial starch hydrolysates mto non-reducing saccharides in a satisfactorily-high yield under a relatively-mild 

Sf' C ^ act ' on c ° ndition With ° Ut Changing the de9rees of 9 ,ucose Polymerization of the reducing partial 
starch hydrolysates. The non-reducing saccharides, which can be readily separated and purified, and relative- 

tlZ,Z? Ttf-f ° \ eS COntainina lnem ' as we " as ^halose prepared from these saccharides, have a 
Z . t k 1 ? ?' q u y mMd sweetness - These Products are assimilated and utilized as an energy 
source by the body when orally administered. These non-reducing saccharides, relatively.low reducing sac- 
charides contammg them, and trehalose prepared from these saccharides can be arbitrary used in composi- 
tes such as food products, cosmetics and pharmaceuticals as a sweetener, taste-improving agent, quality- 
improving agent, stabilizer and filler. H««>"iy 
Thus, the present invention provides a novel technique to prepare in an industrial-scale and at a relatively- 
low cost non-reducng saccharides, which could not have been readily obtained in spite of their great demands, 
by using reducing partial starch hydrolysates prepared from starch as a cheap and abundant source, as well 
as to prepare relatively-low reducing saccharides containing the non-reducing saccharides, and trehalose pre- 
pared from these saccharides. The present invention has a great influence on the fields such as starch-, en- 
Tn^r b,oche | m,c f sciences : ^d other industrial fields, especially, food-, cosmetic- and pharmaceutical- 
.ndustnes, as well as forestry, fisheries, and agricultural-, livestock- and chemical-industries. Thus, the influ- 
ence of the present invention on these fields is unfathomable. 

While there has been described what is at present considered to be the preferred embodiments of the 
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Invention, it will be understood the various modifications may be made therein, and it is Intended to cover in 
the appended claims ail such modifications as fall within the true spirits and scope of the inv ntfon. 



Claims 

1. An enzyme which forms a non-reducing saccharide having a trehalose structure when allowed to act 
on a reducing partial starch hydrolysate. 

2. The enzyme of claim 1 . wherein the trehalose structure in said non-reducing saccharide is located in 
its end unit, and said reducing partial starch hydrolysate is one or more reducing partial starch hydrolysates 
having a degree of glucose polymerization of 3 or higher. 

3. The enzyme of claim 1, which is derived from a microorganism. 

, ♦k 4 " ^ !, L" Zyme ° f Claim 3 * Wherei " Said micr °°r9anfc5m is a member selected from the group consisting 
of those of the genera Rhizobium, Arthrobacter, Brevibacterium, Flavobacterium, Micrococcus, Curtobacteri- 
um, Mycobacterium and Terrabacter, and mutants thereof. 

5. The enzyme of claim 1, which has the following physicochemical properties- 

(1) Action 

Forming a non-reducing saccharide having a trehalose structure as an end unit when allowed to 
act on one or more reducing partial starch hydrolysates having a degree of glucose polymerization of 3 or 

higher; 

(2) Molecular weight 

PA^ Ab ° Ut 76 ' 000 - 87 ' 000 daltons on sodi ""i dodecyisulfate-polyacrylamide gel electrophoresis (SDS- 

(3) Isoelectric point (pi) 

About 3.6±4.6 on isoelectrophoresis using ampholyte; 

(4) Optimum temperature 

About 35-40°C when incubated at pH 7.0 for 60 min; 

(5) Optimum pH 

About 6.4-7.2 when incubated at 40°C for 60 min; 

(6) Thermal stability 

Stable up to a temperature of about 35-40°C when incubated at pH 7.0 for 60 min; and 

(7) pH Stability 

Stable at a pH of about 5.5-11.0 when incubated at 25°C for 16 hours. j 

6 The enzyme of claim 1, which hasone_or_more- partial amino acid seq^ences^selected from the group 
consisting of: ' 

(1) Xt-arginine-threonine-proline-Xz-serine-threonine-tyrosine-arginine-leucine-Cwherein the symbol 
means valine or methionine, and the symbol "X 2 " means alanine or valine)- 

tyrofXe" 6 " Valine " 9lutamic acid - as P a 'tic acid-threonine-alanine-phenylalanine-phenylalanine-arginine- 

(3) leucine-valine-glutamine-leucine-threonine-methionine-proline-glycine-valine-proline;and 

(4) glutamic ac.d-glycine-arginine-X 3 - S erine-X4-tyrosine-alanine-Xs-alanine-(wherein the symbol "X," 
means glycine or glutamine; "XV. proline or arginine; and "Xs", valine or glutamic acid) 

formula^ e " Zyme ° f da ' m 2 ' wherein said non-reducing saccharide is an a-glycosyl trehalose shown by the 

G„-T 

wherein the symbol "G" means glucose residue; the symbol •„", one or more integers; and the symbol 
~ , a.a-trehalose residue. 

8. A process for preparing the enzyme of claim 1 . which comprises culturing in a nutrient culture medium 
a microorganism capable of producing the enzyme; and recovering the enzyme from the resultant culture 

9. The process of claim 8. wherein said microorganism is a member selected from the group consisting 
of those of the genera Rhizobium. Arthrobacter, Brevibacterium, Flavobacterium, Micrococcus, Curtobacteri- 
um, Mycobacterium and T rrabacter and mutants thereof. 

10 A microorganism capable of the enzyme of claim 1. which is a microorganism selected from the group 
consisting of those of the genera Rhizobium and Arthrobacter. 

^'J^^^°^ aniSm ofciaim 10 - wherein.said microorganisms of the genus Rhizobium are Rhizobium 
sp. M-11 (FERM BP-4130) and its mutants. 

fc , 12 ' Th « ™ croor 9 anism of clai "i 10, wherein said microorganisms of the genus Arthrobacter are Arthro- 
bacter sp. Q36 (FERM BP-431 6) and its mutants. 
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of aZ^eVnz V Z ^ZT t f ^ !*? redUCl " 9 Part ' a ' Star ° h ^rolysate, which contains a step 
14 1 S2T7 f T u 3Ct ° n 8 S0,Uti0n c 0 "* 3 '"" 10 a ™^cing partial starch hydrolysate. 

tia. starl » ?' m 13> W : herei " SaW reduCing partial starch hydrolysate is one or more reducing par- 

t.al starch hydrolysates having a degree of glucose polymerization of 3 or higher. 
15. A non-reducing saccharide having a trehalose structure 

in its 1 enIu e nU aCCharide * ^ 15 ' Wh6rein treHa,OSe StrUCtUre Said "°"-reducing saccharide is located 

17. The saccharide of daim 16, which is an a-glycosyl trehalose shown by the formula: 

T. aZ^SZT* ^ 9 ' UCOSe Symb °' " °™ - - symbol 

18. The saccharide of claim 15, which is obtainable by 

E^J!Z^2^£ °" 3 S0,Ut, ° n COntaini " 9 3 * Partia » Stareh ^V-e to 
ysates° Venn9 Sa,d n0n ' redUCin9 saccha ri<ie together with or without intact reducing partial starch hydrol- 

n-rtw JT 8 ^ C ^ a . nde ° f I 3 "" 18> Wherei " Sa ' d reducing partial starch hydrolysate is one or more reducina 
partial starch hydrolysates having a degree of glucose polymerization of 3 or higher 9 

20. A composition which contains the non-reducing saccharide of claim 15 

21 . The composition of claim 20, which is a food product 

22. The composition of claim 20, which is a cosmetic. 

23. The composition of claim 20, which is a pharmaceutical. 

24. A trehalose which is obtainable by a process comprising- 

Sra7on 9 reduHn yme l ° "* °" * 3 reducina P artial hydrolysate to 

form a non-reducing saccharide having a trehalose structure- 

natoiLTan? 9 ' UC ° amy,aSe ° r to act on the resultant non-reducing saccharide to form tre- 

(c) recovering the resultant trehalose. 

2" Thl LeSo!! °! I 3 ™ o= ""I 6 ™'" St6P (b) f Ufther C ° ntainS a Step of "ystallizing said trehalose. 
27' ?2 tn!h a S! J If W ! ,erei " SaW treha ' OSe iS hydrOUS - or anhydrous-crystalline trehalose. 
27 The trehalose of claim 24. wherein the resultant mixture in the step (b) Is further subjected to column 
chromatog ra phy using a strongly-acidic cation-exchange resin to increased ^ 

in its en^unlr ' Wherei " *" treha '° Se structure ^ n ^id no^educing^ccharide is located 

the fo^S " aj9 '^ is an «-9'ycosyl trehalose shown by 



G n -T 



-f . o^S^SSL^ mea0S 9 ' U<?OSe reS,dUe; Symb °' • °" e — ^rs; and the symbo, 

n. J2" ] he lT^°? e ° f d3im 24, Wherein said reducin 9 P artial sta rch hydrolysate is one or more reducina 
partial starch hydrolysates having a degree of glucose polymerization of 3 or higher 9 
31 . A composition which contains trehalose obtainable by- 

ll\orTiZnlT- me ° f TZ 1 t0 3Cl °" 3 S0,Uti ° n COntaining 3 reducin 9 P artial sta r=h hydrolysates 
to form a non-reducing saccharide having a trehalose structure- 

hatoseTand 9,UC ° amylaSe ° r a -9 |uc <«id a se to act on the resultant non-reducing saccharide to form tre- 
(c) incorporating the resultant trehalose into a product 

33* T^e IS" ™ 3 J I Wh ! rein the St6p (b) f urther contains a ste P ° f crystallizing said trehalose. 
• 34' tE«SSE?-« / f a ' m ^ ' u hGrein Sa ' d treha,OSe iS hydr ° US - ° r a nhydrous-crystalline trehalose, 
chronttlntnh P ° C ' a ' m 31 ' Wherein the res ^™«™ the step (b) is further subjected to column 

chromatography usmg a strongly-acidic cation-exchange resin to increase the content of trehalose. 

cated^nTtsVndX 8 " ' aim ^ Where ' n the trehalos st ™«™ said non-reducing saccharide is lo- 
an c^:±r^ s 22; sa,d non - reducin9 saccharide havin9 3 " ~ * 

-r. - jssssrssi ^ means 9lucose resid "^ e symb °' ° n ° r more intege - - **• *y«*°> 
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37. The composition of claim 31 , wherein said reducing partial starch hydrolysate is one or more reducing 
partial starch hydrolysat s having a degree of glucose polymerization of 3 or higher. 

38. The composition of claim 31, which is a food product 

39. The composition of claim 31, which is a cosmetic. 

40. The composition of claim 31, which is a pharmaceutical. 
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Temperature ( ° C ) 



FIG.l 
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PH 
FIG. 2 
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Temperature ( ° C ) 



FIG, 3 
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